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DESERT TORTOISE RESEARCH - U.S. FISH AND WILDLIFE SERVICE
R. Bruce Bury
About 100 years ago, the U.S. Biological Survey initiated rigorous field work in the western United
States, including the Arizona-Mexico boundary survey. H o w ever, to my knowledge, there was not anything
published on tortoises until Stejneger (1893) reported on results of the Death Valley Expedition. The lineage of
the U.S. Biological Survey persist today in a field station of the National Ecology Research Center, U.S. Fish and

Wildlife Service (FWS) which is located in the National Museum of Natural History, Washington, D.C. It was
there, in 1972, that I had the good fortune to be their first full-time herpetologist.

Region 8, the Research and Development arm of the FWS, conducts studies on animals and their habitats
related to management needs and priorities of the FWS or other agencies. On occasion, our work has been funded
by the FWS Office of Endangered Species. I must point out that these are separate entities: Region 8 is charged
with carrying out research surveys and studies while the Office of Endangered Species has the final determination

of species status and listing packages.
Over the last 15 years, the major research efforts of the U.S. Fish and Wildlife Service (FWS) on tortoises

included three phases:
1. Early 1970s:
In 1972, I obtained a grant from the World Wildlife Fund to assess the ecology and status of our native
tortoises, and their generous grant was seed money for an ambitious lot. It succeeded, mostly because I enlisted
the aid of tortoise experts who needed a boost to complete on-going or foolishly-grandiose studies. After a few
delays, we delivered a product in 1982, The Ecology and Conservation of North American Tortoises. The FWS
underwrote the publishing costs.
I n 1972-75, I hired temporary employees Ronald Marlow and Roger Luckenbach. T h e y both w e re
starting Ph.D. programs, and I attempted to foster their work on tortoises and related work on the effects of

off-road vehicles on desert wildlife. Several important papers on these topics have since appeared (list attached).
Also, in 1973, we strongly supported the formation of the Desert Tortoise Council at its first meeting
in Barstow, California.
2. Late 1970s and early 1980s:
During this period, tortoise issues and problems of concern to FWS arose in Texas and Mexico. In 1 9 81, we
conducted a field study of the Berlandier's tortoise in south coastal Texas, related to its management on Laguna
Atascosa National Wildlife Refuge. A l t h o ugh tortoises are fully protected on the refuge, we t h ought that
prescribed burning appeared necessary to open up dense vegetation as a way to improve the tortoise habitat.
Most of our efforts in the early 1980s w ere directed at a cooperative agreement with the Wildlife
Department of Mexico, where we provided training and support of their needs. We did two brief surveys of desert
t ortoises on Isla Tiburon, Sonora, in th e Gulf o f C a lifornia; and our M e xican colleagues followed up o u r
preliminary work with their own three month study. Today, this is a large, protected population of tortoises.
We conducted field surveys of the Bolson tortoise on three expeditions to north-central Mexico in 198183, in order to help assess its current distribution and status as a foreign endangered species. These were done

in cooperation with Mexico's Wildlife Department and with the assistance of C.J. McCoy (Carnegie Museum of
Natural History), D.J. Morafka (California State University - Carson), G. Aquirre (Instituto de Ecologia), Jose
Trevino and Pablo Domingues (Fauna Silvestre), T.H. Fritts and N.J. Scott (NERC-FWS) and many others. Results
of these inquiries are now published or in press.

3. Last Five Years (1982-87):
Recently, I participated in a field census of a marked population of desert tortoises at the Nevada Test
Site. This is a cooperative study with Fred Turner and Phil Medica and culminated in a paper where we report
the long-term growth of these individuals. Some were first marked 25 years ago! For the first time, we have
established a relationship between size and age in the desert tortoise for the first decades of their lives. I remain
interested in these long-lived creatures, particularly their growth patterns and conservation.
4

Recent tortoise research has shifted to our field stations. Recently, C. Kenneth Dodd, Jr., was assigned
to our field station in Gainesville, Florida. M any of you know Ken through his active work in the Desert Tortoise
Council and he is also involved with conservation and research on the gopher tortoise in the southern United
States,
In Albuquerque, New Mexico, Thomas H. Fritts and his students are conducting work on several aspects
of the biology of desert tortoises. Randy Jennings completed his M.Sc. thesis on the geographic variation on
the tortoise using electrophoretic evidence, and David Germano is doing his Ph.D. thesis on comparative growth
analyses in the species (which is presented later in this symposium). W it h the able help of Norman J. Scott,
Jr., our other herpetologist in Albuquerque, this group completed a status survey of the desert tortoise in Mexico.
For the future, we have been interested in pursuing research on three related topics:
1. Critical Life History Features of North American Tortoises.
We require accurate data on egg production and survival, recruitment rates, age of sexual maturity,
growth rates, and longevity in order to estimate their minimal viable population sizes (i.e., how many tortoises
are needed in a defined area to maintain a population through time without deleterious effects of inbreeding).
Currently, there are no data on these features for Sonoran Desert and Mexican populations and, with a few
exceptions, little information from Mojave Desert populations. Also, we are comparing population attributes of
different species of tortoises in North America and elsewhere.
2. Impacts of Off-Road Vehicles on Tortoises.
We are concerned about the w i d espread effects of v e hicular recreation on t o r toise populations in
California and Nevada, T h ere is a clear need to assess tortoise numbers and "health" in areas with low and
moderate levels of disturbance. A l so, we hope to re-survey two permanent plots (each one is 25 ha) in the
western Mojave Desert that were studied ten years ago. One site continues to be heavily impacted by off-road
vehicles.
3. The Effects of Grazing on Tortoise Populations.
New approaches should be developed to assess the potential effects of c a t tle grazing on t o rtoise
populations. T o w ard this goal, we have sought input from wildlife habitat specialists in our center, some of
whom study cattle grazing on western rangelands. Their study designs may offer innovative means to resolve
this issue.
Our primary interest is to build a stronger ecological foundation as the way to better understand the
conservation and management of tortoises. Thus, research efforts of the FWS have continued over a long time
and, despite frequent periods of low or no funds, we remain optimistic and determined to study tortoise problems.
The FWS contribution to t o rtoise biology and management is like the animals themselves: low-energy and
seasonally active, but persistent.
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LAND USE PLANNING IN COYOTE SPRING VALLEY
Ralph E. Clark
The Aerojet General Corporation is attempting to acquire certain lands in Nevada that are currently under
the control of the Bureau of Land Management. The planned method of acquisition is via a land exchange wherein
the Department of the Interior would receive from Aerojet some 4,650 acres of "wetlands" abutting the eastern
boundary of the Everglades National Park. The Nevada lands are located in two areas: 8,910 acres near Garfield
Flats, approximately 25 miles east of Hawthorne, and 42,800 acres in Coyote Spring Valley, approximately 50
miles north of Las Vegas.
The Garfield Flats land will provide added buffer to lands already owned by Aerojet, who has been
conducting tests at the site for approximately 25 years. The Coyote Spring Valley lands are planned for use as
a manufacturing site for solid rocket motors. Occasional static tests will be conducted to verify product quality.
Editor Note: Charts were presented describing some of the key provisions of the proposed land exchange
and a number of protective measures that will "run with the land."

STATE REPORT ON D E S ERT TO R T O ISE ACTIVITES: BUREAU

O F LAND M A N A G EM ENT ,

ARIZONA
Ted Cordery
On behalf of BLM in Arizona, thank you for the opportunity to present our actions involving the desert
tortoise today.
In Arizona, BLM continues to consider the needs of the desert tortoise and its habitat as we manage the
public lands throughout the state. The following are summaries of important actions or programs affecting the
desert tortoise.
Safford District
BLM has consolidated its ownership of lands in areas of high resource values, including habitat used by
the desert tortoise. Tw o land exchanges have been consummated totalling 51,077 acres in the vicinity of the
Aravaipa Canyon Wilderness Area,and 23,472 acres at the Muleshoe Ranch which is managed by The Nature
Conservancy. This year, the district plans to inventory 4,000 acres in the Muleshoe area for desert tortoise sign.
Several years of effort will be needed to cover all the habitat in the Safford District, and we are looking forward
to this beginning effort.
Yuma District
During 1985, BLM let a contract to conduct strip transects in 53 promising sites in the Yuma District.
Based upon the results of this inventory and the development of the Yuma District Resource Management Plan,
the inventory information is used to identify mitigation and protection when projects, use authorizations, or
Mining Plans of Operations are proposed. M ost mitigation at this point has been directed at performing sitespecific clearances, avoiding suspected important areas, educating mining or construction personnel about
moving tortoises from the paths of construction and the state regulations protecting the tortoise.
Arizona Strip District
BLM continues to implement the Virgin River-Pakoon Habitat Management Plan which covers all the
desert tortoise habitat in the district. The district has hired a temporary employee to re-survey the control plot
this year for 45 to 60 days. The district will also experiment with using volunteers for field assistance on this
project. This plot was originally set up by Judy Hohman and Robert Ohmart of Arizona State University in 1977.
The district also is entering desert tortoise distribution, transect, and density estimations on t h eir

Geographic Information System (GIS). Completion of this process will assist in categorizing habitats, monitoring,
and modeling habitat use with information such as soils, vegetation type, production, elevation, slope, aspect,
range condition, trend, roads, fencelines, land status, and other data.
BLM will soon be re-signing the Littlefield area which has been designated for vehicle use on designated
roads only. Th e area had been suffering from removed signs and increased off-road activity.
District personnel helped Trip Lamb of the Savannah River Ecology Laboratory collect two tortoises from
the Virgin River slopes for his mitochondrial DNA research.
BLM is fencing the Arizona-Nevada border to eliminate livestock trespass.
Due to reevaluation of h a bitat values, land exchange proposals with t h e S t ate Lands Department
involving tortoise habitat have been dropped to less than 1000 acres of very low density habitat selected by the
state. M o s t of t his acreage is in areas currently or soon to be impacted by adjacent land use activities and
development.
BLM consummated an exchange of 40 + a c res of land with low (approximately five per square mile)
tortoise density for 25 acres of riparian habitat on the Virgin River, which is home to endangered fish.
In addition to district activities, the District Manager was involved in the development of an internal report
prepared by the BLM Desert Tortoise Task Force. The task force was made up of BLM people from all four States
within the range of the tortoise. The group was formed by the BLM Washington Office and reflects the great
importance Washington places on tortoise habitat. The task force report will be used by the BLM Washington
Office to prepare policy, develop budgeting needs, and provide other direction for the Bureau.
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Phoenix District
Land use planning, Wilderness Environmental Impact Statements, and Land Exchanges are the major
activities in the Phoenix District. The district is in the midst of preparing a policy statement on the conservation
of desert tortoise crucial habitats. T h e p o licy w ill address wildlife habitat management, livestock grazing

management, lands (or realty) activities, minerals management, and off-road vehicle use.
Two Habitat Management Plans are being prepared, which will take advantage of the new policy, and
which will be finalized when the policy is approved by the District Manager.
Two new study plots are being surveyed this spring. The sites are in the Maricopa Mountains, between
Tucson and Phoenix, and in the Arrastra Mountains, between Wickenburg and Kingman. A Request For Proposal
will be out shortly for another study plot between Phoenix and Blythe, California. This contract would be for a
survey in the fall.
The Phoenix Resource Management Plan (RMP) is being prepared at this time for the Phoenix Resource
Area. Very little tortoise information is available for this area, which extends down the central part of the state,

The RMP will address several areas thought to provide important habitat. These include land acquisition and
other special management in the proposed Silverbell Mountains Resource Conservation Area (RCA), the White
Canyon RCA (Donnelly Ranch area), and the Picacho Mountains RCA. The Picacho Mountains are where quite
a bit of research has been conducted on the Desert Tortoise. Jim Schwartzmann of Arizona State University
s tudied tortoises there in the late 1970s and Sherry Barrett studied tortoises there in the early 1980s. T h e

preferred alternative of the plan would designate this area as a special management area for the desert tortoise.
In the Tortolita Mountains, also thought to be of importance for the tortoise, BLM would acquire state lands,
and enter into a cooperative agreement with Pima County Parks for management of the area. O f a dditional
interest to the Desert Tortoise Council, the plan will include proposed designation of public lands on the Research
Ranch, near Elgin, Arizona, as an Area of Critical Environmental Concern (ACEC). This is the site where Ariel
Appleton and others have reported on work with the Bolson Tortoise in previous Council symposia.

The Phoenix District also provided a member of the BLM Desert Tortoise Task Force which was discussed
above.
Statewide
BLM continues to be involved in and to support the Arizona Interagency Desert Tortoise Team which

will be (has been) discussed by Cecil Schwalbe at this symposium.
Conclusion
In conclusion, BLM has achieved much in terms of inventorying, monitoring, and management of desert
tortoise habitat in Arizona. We have much more to accomplish to this end and we are prepared to make the effort.

With the continued cooperation of other federal and state agencies, as well as private interest groups, we will
achieve even more for conservation of the desert tortoise in the years to come.
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THE DESERT TORTOISE: LAND ACQUISITION AND LISTING - 1987
Steve Johnson
Abstract - Land acquisition is central to the continued survival of the desert tortoise in its
natural habitat. P rivate inholdings in both the Desert Tortoise Natural Area and the Chuckawalla
Bench Area of Critical Environmental Concern continue to be a source of tortoise mortality, both
directly and indirectly. Defenders of Wildlife and eleven other national conservation organizations,
w orking w it h BL M o ff i c ials, have decided to l o bby fo r $ 6 0 0 , 00 0 f r o m t h e L and an d W a t er
Conservation Fund, to be appropriated by Congress. Members of the Desert Tortoise Council will
be asked to help with the effort, particularly in California. The current status of the listing petition
will also be a topic for discussion.
Even after all this time, and despite so much evidence to the contrary, it's still difficult to comprehend
the controversial nature of the desert tortoise issue. The tortoise is, after all, incapable of predation, or of harming
the interests of man in any way. It lives today almost entirely on BLM lands, which means that its habitat was
never considered valuable enough to even be homesteaded,
Until the last three decades, the desert tortoise and its habitat were nearly invisible to the great majority
of Americans. T h e M o h ave and the Sonoran deserts were places you crossed at night, w i t h t w o c a n vas
waterbags dripping from your front bumper. The desert was merely an obstacle on the way to somewhere else,
and was therefore a great insulator for the tortoise.
Today, the combinations of air conditioning, off-road vehicles and hordes of blue-haired retirees seeking
p erpetual sunshine have brought an end t o t h e q uiet isolation of th e so ut hwestern deserts. W e w h o a r e
concerned about even piece-meal preservation of desert habitats must move quickly, and learn to play the
political game.
Though most of u s here are desert tortoise aficionados, it must be admitted that w e are hampered
somewhat by the nature of this creature. It's difficult to get the public excited about the survival of the desert
tortoise. About a year ago, Defenders of Wildlife mailed an Alert bulletin to our activist members, asking them
to take various actions on behalf of the desert tortoise. The response was good, but not overwhelming. A few
months ago, we sent a similar request concerning the reintroduction of the M exican wolf, and flooded the
Albuquerque office of the U.S. Fish and Wildlife Service with letters of support. J ust three weeks ago, letters
were still coming in at a rate of about 10 per day. As members of the Desert Tortoise Council, there is a lesson
to be learned from the above example of public responses to differing issues. Qu ite simply, it's mostly up to
us to get the attention of the agencies and our Congressional representatives. I am here today to offer all of
you, particularly Californians, ways to get involved in a very specific way.
Conservationists h av e l on g r e c ognized a n u m ber o f p r o b lems w h ic h j e o pardize desert t o r t oise
populations. One of these problems is the substantial private inholdings within two areas set aside by the BLM
to protect critically important tortoise habitats. B L M's Desert Tortoise Natural Area IDTNA) and Chuckwalla
Bench ACEC contain the highest known densities of desert tortoises within the Mojave and Sonoran Deserts,
respectively. Unfortunately, both of these areas have significant private inholdings which pose serious threats
to the long-term management integrity of these areas. BLM has acknowledged the importance of acquiring these
private inholdings from willing sellers as funds will allow.
After discussion with BLM off icials, Defenders and eleven other national conservation groups have
decided to lobby for a combined $600,000 Land and Water Conservation Fund Congressional appropriation for
BLM inholdings acquisition. D e pending on its success, this FY 1988 request may be the first in a four-year
campaign. BL M has indicated that, due to a limited realty staff, they could not effectively spend more than
$600,000 during the first year. H o w e ver, additional appropriations could be effectively spent in subsequent
years.
It is important that we begin immediately to lobby in support of these requested appropriations. I have
p repared an information sheet about the California Congressmen to w hom you should communicate. T h e y
should be urged to work for the inclusion of these acquisition funds within the FY 1988 Interior Appropriations
legislation. I f p o s s ible, meetings should also be s cheduled w it h t h ese Senators and So uthern California

Congressional Representatives, or their legislative aides.
Although firm dates are not yet available, the House Interior Appropriations Subcommittee generally
decides on appropriations sometime in late April or early May. The Senate Interior Appropriations Subcommittee
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acts later, usually during the summer. A Conference Committee reconciles any differences, and produces the
final Interior appropriations legislation.
Therefore, letters and meeting Congressional Representatives are most urgent at this time. Defenders
of Wildlife and the other national groups cannot be effective without the support of local residents for the funding
of the inholding acquisitions. We now have a rare opportunity to work with the BLM to achieve a common goal.
Let's do it!
Listing
On March 17, 19 87, Defenders of Wildlife testified in support of H.R. 1467, a bill to reauthorize the
Endangered Species Act.
In that testimony, in which we spoke for 12 national conservation organizations, Defenders stated that

if all consideration of new candidate species stopped today, it would take over 20 years at the current listing
rate to list those species already considered candidates. Under the current administration, however, even the
past low levels of listing activity are not being maintained. Listing activity dropped 20 percent in 1986 ,
The main reason, of course, is a lack of funding to do the job required. B y w i t h holding money, the
administration can claim to be sympathetic while gutting the ESA of the means to function.
Much of our testimony was, therefore, directed to a careful analysis of funding needs, and a request for

larger budgets for all facets of the ESA. All of you could help by writing to your Congressional representatives
asking that the ESA be fully funded so that it can function as Congress originally intended.
Saying anything definite about the status of the desert tortoise Listing Petition is almost impossible. The
FWS has elevated foot-dragging to an unprecedented level. Even when one desert tortoise population is already
listed, as with Utah's Beaver Dam Slope, the FWS seems incapable of dealing with its own Recovery Plan. It' s
been three years since the end of the public comment period on that miserable first Draft. For those of us who
commented on it,you know that improvements would be easy. Just make a change, any change, and itwould
probably be an improvement.
Reliable sources claim that the original petition to list the entire range of the tortoise as endangered is
still warranted but precluded by other higher priorities, and that this decision will be printed in about two months
in the Federal Register. These same sources verify that the desert tortoise remains highly politicized within the
FWS, and that f a ctual data is largely irrelevant in the decision-making process, S o m e w o uld say f actual
information is relevant, but only if it can be used as an excuse for obscuring or ignoring other information.
In my opinion, it's time for the members of the Desert Tortoise Council to commit themselves to a new
activism on behalf of the desert tortoise. In today's political climate, it's no longer enough to merely publish
research, counting on others to use the information developed. Those who wish to become effective participants
i n the struggle to preserve the desert tortoise must learn to play the same games as their opponents. A s

academics, many of you may prefer to remain above the fray, pursuing that elusive (and unattainable) goal of
complete objectivity. That sort of passivity plays into the hands of the many potent forces already arrayed against
the desert tortoise and its habitat.
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DESERT TORTOISES OF THE PIUTE VALLEY - 1987
Michele A. Joyner and David J.Germano
Abstract - In M ay and Au gust of 1987, the population of desert tortoises (Gopherus
agassizii) a t the Piute Valley Permanent Study Plot in southern Nevada was censused, W e
collected data on the age structure, size structure, sex ratio, and density of the population of
desert tortoises at this site to determine its overall status and condition. Forty - eight individuals
were found of w h ich 60 % w ere adults. D e nsity was estimated at 59 tortoises/km' and w as
significantly dominated by males. Of the 37 shells collected, 49% were adults, and the per capita
mortality rate since 1983 was 0.08/year. Regressing weight against carapace length for living
individuals gave a significant relationship: weight = 0 . 0 0 0 5 1 ; carapace length' " ' . B a s ed on
an age-carapace length regression, mean age-at-first reproduction was determined to be 14.5
years. F ro m th e data collected and analyzed, comparisons were made among other desert
tortoise populations in the Mojave desert.

INTRODUCTION
The desert tortoise (Gopherus agassizii) is a long-lived species. Populations are characterized by high
percentages of adults, even sex ratios, low adult death rates, low reproductive potential, and reproductive
maturation estimated between 12-20 yr of age (Bury and Marlow 1973, Woodbury and Hardy 1948), A short-

coming of previous studies on populations of desert tortoises has been the lack of precisely determining ages
of individuals. By assigning precise ages, one could determine such quantitative population traits as age-at-first
reproduction, actual age structures, age-specific death rates, and potentially, age-specific fecundity.
In 1987 we censused the population of desert tortoises at the Piute Valley Permanent Study Plot (PVPSP)
in southern Nevada. We collected data to determine demographic parameters of this population, several of which
are based on precise ages. W e determined age of an individual based on scute annuli. T his aging technique
has been determined to be accurate up to 20-25 years of age for desert tortoises (Germano 1988). Comparisons
were then made with other desert tortoise populations in the Mojave desert.
Study Area
The 2,59 km' (1 mi') plot is located in the Piute Valley of southern Nevada in the eastern Mojave desert
(Fig. 1). It is about 18 km south of the town of Searchlight, Nevada approximately 4 km west of Highway 95.
To the west of the study plot, w h ich gradually increases from 775 m t o 8 1 2 m i n elevation, are the Castle
Mountains and the Piute Range (Fig. 1). Several washes of various sizes that drain from the northwest dissect
t he study plot. T h e southwestern quarter of the plot has an extensive outcropping of desert pavement. T h e
vegetation of the entire plot is populated by creosote (Larrea tridentata), white bursage (Ambrosia dumosa),
California buckwheat (Eriogonum fasciculatum), and golden head (Acamptopappus sphaerocephalus). A n
overstory of Mojave desert yucca (Yucca schidigera) is concentrated in the northwestern quarter. In some of
the larger washes, desert willow (Chilopsis linearis) and catclaw (Acacia greggir) occur. A v a r iety of Opuntia

sp. are present as well as the perennial grasses bush muhly (Muh/enbergia porter/) and big galleta (Hilaria rigida).
The dominant annuals are six-week fescue (Festuca octoflora), filaree (Erodium cicutarium), desert dandelion
(Malacothrix g/abrata), and Cheenttctis sp. (Karl 1979, Mortimore and Schneider 1983, pers. obs.).
The climate is typical of the eastern Mojave Desert: hot summers and cool winters. Precipitation occurs
in winter, as storms pass through from the west, and in summer, as thunderstorms resulting from inflow of
moisture from the south (Brown 1982). H i ghest temperatures occur from June to August and average about
38 ' C w it h lowest temperatures occurring from December to February averaging about 4 ' C ( N OAA Climate
Data, Searchlight, Nevada). A v erage annual precipitation is approximately 185 mm w ith significant amounts

of precipitation recorded virtually every month except May and June (NOAA Climate Data, Searchlight, Nevada).
This part of the Mojave Desert has been grazed by cattle since the mid-1800's (Jamrog and Stager 1 987).
In 1971 the Bureau of Land Management identified the Piute Valley as an ephemeral range, thus incorporating
an Allotment Management Plan that continues to allow grazing in this area on a rest-rotation basis (Jamrog and
Stager 1987).
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Figure 1. The location of the desert tortoise Permanent Study Plot (PSP) in the Piute Valley of southern Nevada.
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METHODS
Field Methods
Our census took place between 13-27 May and 18-25 August 1987. For orientation purposes, the first
day was spent replacing and ref lagging stakes that divide the study plot into 256 subplots, about 1 ha each.
During the entire May census, data was collected by the authors and two volunteers. One additional volunteer
participated the first five days. We recensused the southern half of the plot in August in order to obtain recaptures
for a mark-recapture density estimate. Censusing took place in the morning hours between 0630-1130 (PDT)
a nd again in the afternoon from 1500-1830 .
Each tortoise found was observed, photographed, and weighed, and its location plotted on a map. Care
was taken in handling the tortoise so that it would not urinate. A c ast was made of the second costal scute
using dental casting material (Galbraith and Brooks 1987). W h ile the casting material was hardening, straightline carapace length and width, curved-line carapace length and width, maximum and minimum plastron lengths,
and maximum shell height were taken using calipers and a measuring tape. Casts were removed and taken back
to camp. W e measured the length, width, and annual width of each ring from the impressions of the growth
rings (See Germano 1988 for a description of these measurements). We used secondary sex characteristics of
tortoises to determine sex. I n addition, abnormalities, injuries, and overall condition were noted. B e fore the
tortoise was released, notches were filed in the flared marginal scutes, avoiding use of the bridge marginals (Fig.
2). An additional file mark was made vertically down the supracaudal in order to distinguish this tortoise from
other tortoises previously marked using the Desert Tortoise Council marking system (Berry 1984).
All tortoise remains found were collected and their location plotted. At a later date, measurements were
taken from the skeletal specimens collected, whenever possible, identical to those taken on live animals. Each
skeleton was closely examined for file notches or paintednumbers on the marginal scutes. Shells were deposited
in the Museum of Southwestern Biology, University of New Mexico, Albuquerque.
Data Analysis
Density was estimated using a simple mark-recapture method (Tanner 1978). M a y w a s the period of
marking animals and August was the recapture period. Due to time constraints, only the southern half of the
plot was recensused. Tortoise density was calculated for this half and then doubled to give an estimate for the
entire 2.59 km' p l ot ,
We plotted size distributions of live tortoises and skeletal remains. M ean carapace lengths (CL) were
calculated for both live tortoises and mortalities using the entire sample, for tortoises > 180 mm CL, and tortoises
<180 mm CL. C L was determined for some skeletal remains using a regression equation of scute size to CL
(Germano unpublished data). D i ff e r ences in mean CLs between live to rtoises and skeletal remains were
determined with t-tests.
Growth estimates were calculated using the difference between 1983 and 1987 CL of marked tortoises
and dividing that difference by 1983 CL. This value was multiplied by 100 to give percent growth of an individual

over the 4 yr period. Percent growth was also determined for unmarked individuals based on annuli length, which
is highly correlated to CL (Germano and Joyner in press). T h e average percent growth w a s calculated for
t ortoises > 1 8 0 m m CL and ( 1 8 0 m m C L .

Age distributions of both live tortoises and skeletal remains were plotted and mean age was determined
for age groups: 0-14 yr, 15-27 yr, and 0->2 7 yr. A ges of most individuals were determined using scute annuli.
Several individuals were determined to be older than the number of easily seen annuli based on scute edge
beveling ornon-growth since its lastcapture. These individuals werecategorized as >25 years old. Differences
in mean ages between live tortoises and skeletal remains were determined with t-tests.
Age-specific mortality rates were determined for 1983-1987 using the equation qx = (k [f x))/gx, where
qx is the mortality rate per year for age x, k is the per capita mortality rate of the population, fx is the proportion
of animals age x that are known to have died in the past year, and gx is the proportion of animals of age x in
the preceding live population (Fryxel(1986). In order to compare mortality rates to age structures, we determined
mortality rates for the same age groups. The per capita mortality rate was divided by 4 in order to obtain the
yearly mortality rate.

Sex ratios were compared between live tortoises and skeletal remains. Sex was assigned to tortoises > 180
mm CL or in some instances, to males > 17 0 m m CL. R atios were tested for deviation from a 1:1 ratio with
Chi-square analysis. A g e-at-first reproduction was determined for female tortoises using 190 mm CL as the
smallest size at which females become reproductive (Turner et al. 1986). The corresponding ring number that
represented a CL > 19 0 m m determined age of sexual maturity, A c a rapace length to weight regression was
constructed based on the logarithmic transformation of both variables.
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Figure 2. N u m erical filing system used to mark desert tortoises at the Piute Valley Permanent Study Plot.
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RESULTS
We estimated the tortoise density to be 59 tortoises/km* (95% confidence interval: 1 9-1 73). Forty-eight
tortoises were found in 1987, 33 in May and 19 on the southern half of the plot in August, of which four had
been marked in May. M ean CLs of live animals were not significantly different than skeletal remains (t =1.37 ,
83 df, p> 0 . 10 ; Fig. 3). Sixty percent of the live tortoises were > 18 0 mm CL, whereas 49% of the 37 skeletal
remains were > 180 mm CL. Individual growth rates between 1983 and 1 987 averaged 7.5% for tortoises > 180
mm CL (range: 0-25%, n = 15) and 26.9% for tortoises < 180 mm CI (range: 12-59%, n = 27). Overall mean
ages for live animals and skeletal remains were not significantly different (t = 0 08, 72 df, p > 0.10; Fig. 4) . Mean
ages of live animals and skeletal remains > 1 5 y ears were significantly different (t = 2.38, 35 df, p<0.05) as
were the mean ages for those < 1 5 y ears (t =2.85, 35 df, p < 0 . 0 5 ; Fig. 4).
The per capita mortality rate (k) for 1983-1987 was 0.08/year using 115 tortoises on the plot in 1983
(See Germano and Joyner in press, for determination of density in 1983). A g e -specific mortality rates were
0 .061/year for tortoises 0-14 yr old, 0.093/year for tortoises 15-25 yr old, and 0.103/year for tortoises > 1 5
yr old. We found 20 males and nine females resulting in a significantly male-biased sex ratio (X' = 4.172, 1 df,
p<0 .0 5). A n a nalysis of this sex ratio by size indicates 92% of tortoises > 2 2 0 m m CL are males (11 ml les,

1 female), whereas only 53% of tortoises 180-219 mm CL are males (9 males, 8 females). When analyzed by
age, 63% of tortoises > 20 yr are males (5 males, 3 females), but 71% of tortoises of known sex between 1319 yr are males (15 males, 6 females). The sex ratio of skeletal remains (1 1 males, 6 females) is not significantly
different from 1:1 (X' = 1.47, 1 df, p< 0 . 1 0) . M ean age-at-first reproduction was 14.5 yr (sd =1 .25 yr, n = 1 5 ,
range: 12-16 yr; Fig. 5), The regression of weight against CL is w e ight = 0.00051 CL' " ' ( r =0.9 69 , n = 53;
Fig. 6).

DISCUSSION
We compared several of the population values we found for tortoises at the PVPSP to values determined
for six other desert tortoise study sites located throughout the Mojave Desert (Table 1).
Table 1, Size structure, sex ratio, and density estimates of desert tortoise populations in the Mojave Desert.
Population Characteristics
% Tortoises

% Tortoises

~S tud S i t e s

>180 mm CL

<180 mm CL

Nevada
Piute Valley

60%

40%

Arden Areab

67%

33%

California
Ivanpah Valleyc
Fremont Peakc
D.T. Natural Aread
G offs Plot ¹ 1 e

61%
50%
56%
50%

39%

Utah
Beaver Dam Sloped

99%

50%
44%

50%

Sex Ratio
M: F

Density
~ ¹k m '

2.22:1a
1.34:1

3 6- 4 4

59

0.7:1
1.75:1
0.87:1
1,15:1

87 - 106
12 - 15
5 8- 7 8

0.66'.1

62

83

a: significant departure from 1:1 ratio (P < 0.05)
b: Burge and Bradley 1976; c: Berry 1978; d: Hohman et al. 1980; e: Turner et al. 1984.

Our estimated density for the Piute Valley tortoise population is similar to densities of the other sites, except
for Fremont Peak, despite a period of presumed high mortality 4-8 yr earlier (See Germano and Joyner in press).
The Piute Valley population did have a significantly male-biased sex ratio in 1987, which has not been seen in
the other populations. If such a biased sex ratio towards males is long-lasting and exists throughout the Piute
Valley population, a decline in the reproductive capacity of the population might result. How ever, this sex ratio
might not reflect a true distribution of males to females. Female tortoises after nesting seem to be less active
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above-ground during the summer months than males (Luckenbach 1982). Our biased sex ratio towards males
might simply reflect a difference in male and female activity periods. The size distribution of desert tortoises
in the PVPSP is similar to other Mojave sites, all populations consist of greater than 5096 large tortoises () 180
mm CL). The Beaver Dam Slope has an unusually high percent of individuals ) 17 0 m m CI.
Determining precise ages of desert tortoises at the PVPSP has allowed us to estimate several additional
population parameters. One might conclude from the size distribution that this population is composed of many
older tortoises. How ever, based on the adult ages, a majority of the individuals are not very old, but rather are
large. T h ese individuals most likely grew at a rapid rate as indicated by the growth rates we have estimated
for this population. M o s t reptiles grow rapidly until a short time after sexual maturity, at which time growth
slows considerably (Andrews 1982). We have shown that sexual maturity is likely reached between 12-16 yr,
at least for females desert tortoises. Many of the tortoises at this site are in this age range or only a few years
older. This population appears to be composed largely of young, mature individuals. The population also appears
quite healthy, based on weights. The weight to size regression is almost identical to the regression for tortoises
from an ungrazed plot in Nevada (Medica et al. 1975). We conclude that, except for a biased sex ratio, the desert
tortoise population at the PVPSP is in good shape following a period of high mortality, I t s h ould be apparent
that comparisons among populations of desert tortoises are less meaningful than comparisons made within a
population due to differences in habitats and disturbance histories. It would be most instructive to conduct yearly
censuses at the PVPSP, keeping in mind the disproportion of males to females.
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BUREAU OF LAND MANAGEMENT PLANS AND ACTION FOR MANAGING DESERT
TORTOISE HABITAT IN A PORTION OF THE WESTERN MOJAVE DESERT, CALIFORNIA
Patricia E. McLean and Jeffrey B. Aardah(

Abstract - Significant declines in desert tortoise populations on study plots in the western
Mojave Desert of California have occurred in the last 10 years. S e v ere decline has occurred in

Fremont Valley, an area that was known to support in excess of 250 tortoises per square mile in
the mid 1970s. The Bureau of Land Management recognizes changes inland uses and land use
practices are needed to halt declines in the desert tortoise populations and to allow for their recovery.

The goal is to restore densities to the levels needed for healthy, viable populations. A variety of
actions and plans are underway to enhance habitat conditions. Public participation and acceptance
of the needed changes are necessary for the goal to be met.
INTRODUCTION
Public lands in the western Mojave Desert of California contain a significant percentage of the remaining
desert tortoise (Gopherus agassizli) populations and habitat in what the Bureau of Land Management and others
refer to as the Fremont-Stoddard Crucial Habitat, a large area extending from Fremont Valley southeast to
Stoddard Valley (Bureau of Land Management 1980). Desert tortoise population density within this area in the
late 1970's generally exceeded that found in other major populations of the desert tortoise. The average desert
t ortoise population density in th e Desert Tortoise Natural Area and Fremont Valley was in e xcess of 2 5 0

individuals per square mile in the late 1970's (Bureau of Land Management 1980).
Data collected by the Bureau of Land Management on several one-square mile study plots throughout
the western Mojave Desert from the late 1970's to 1987 revealed that significant declines in the desert tortoise

population have occurred. These declines also occurred within a portion of the Desert Tortoise Natural Area,
a special management area established in 1976 by the Bureau of Land Management for protection of the desert

tortoise and its habitat, ln Fremont Valley, a broad valley between the Rand and El Paso Mountains with a land
area of approximately 80 square miles, desert tortoise population decline on the permanent trend plot has been
a larming. D u r ing th e 1 98 1 s u rvey on t his plot, 21 0 t o rtoises were encountered. However, only 75 w e r e
observed during the 1987 survey. A p p roximately 40% of the tortoise deaths on the plot between 1981 and
1987 were due to gunshot, vehicle crushing and vandalism (Berry, pers. comm.). In addition to the significant
decline in the desert tortoise population on the Fremont Valley study plot, data from two additional plots within
the western Mojave crucial tortoise population revealed that similar, but less significant, declines were occurring.
Human related mortality is high in all areas in recent years, but two populations, located in the Desert Tortoise
Natural Area and the Kramer Hills, experienced abnormally high mortality due to raven predation (Berry, pers.
comm.). A l t hough these declines are disturbing, they are not unpredictable. The western Mojave Desert has
experienced tremendous growth in the human population over the past 40 years, and intensive development of
private lands has occurred. Examples of small towns in the western Mojave Desert experiencing extraordinary
growth in t h e r e cent past ar e Palmdale, Lancaster, Victorville and Ridgecrest. T h e s e i ncreasing human
populations have eliminated or fragmented historical desert tortoise populations in some areas and have placed

increased pressure on nearby public lands for recreation and development purposes, and for protection of
remaining desert tortoise habitat.
Clearly, the recent significant declines in the desert tortoise populations in the western Mojave Desert
warrant that st rong management actions be taken by th e Bureau of Land M anagement, as w ell as ot her
government agencies, in order for the desert tortoise to survive in this region. The alarming declines in the desert
tortoise populations in the western Mojave Desert must be halted in the near future. As a minimum, we should
s trive for a recovery of the populations to the densities that were known to exist in the mid 1970' s .

RESULTS
The Bureau of Land Management recognizes that changes in land uses occurring in desert tortoise habitat
need to be made to prevent further declines in the desert tortoise populations and to set the stage for their
recovery. The initial changes have been made, and many more are likely to follow in the coming years. These
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initial changes are in the areas of public education and participation, off-road vehicle use, mining, livestock

grazing, land acquisition, ranger patrol and compliance evaluations, and a greater sensitivity for the desert
tortoise as reflected in management plans for specific habitat areas. A discussion of each of the above changes
follows:
1. Public Education and Participation - The Bureau has met with various public groups who use land in the
western Mojave Desert and informed them about the serious declines in the desert tortoise population. These

groups are being asked to provide assistance in our efforts to enhance desert tortoise habitat.
a. For example, approximately 75 volunteers from the Desert Tortoise Preserve Committee, American
Motorcycle Association, California Off-Road Vehicle Association, Izaak Walton League, Bureau of Land
Management, Desert Tortoise Council, High Desert Multiple Use Coalition, Gear Grinders Four Wheel
Drive Club, and interested individuals recently contributed 600 hours of service at the Desert Tortoise
Natural Area repairing fences, replacing signs and improving the interpretive center and public parking
area. In addition, the Trona Railway, Desert Construction and Bertrand Trucking, all local companies
in the area, donated construction materials and transportation used in upgrading the access road and
parking facilities at the interpretive center.

b. Bureau of Land Management personnel recently met with 40 members of the Woolgrowers
Association in Bakersfield, California to discuss sheep grazing practices, declines in the desert tortoise
population and the need for changes in land use management within desert tortoise habitat.
c. These actions not only promote better communication among the public land users and the Bureau,
but they also develop a sense of ownership and responsibility among the public for better care and use
of their lands and resources. Continued efforts in public involvement are a high priority.
2. Off-Road Vehicle Use — Beginning in January of this year, and continuing until a management plan for land

uses is prepared, no off-road vehicle races are allowed to start or finish in Fremont Valley, no races will be routed
through the area during the period from March 1 to June 30 of every year, and camping and pitting associated
with vehicle races in this area are no longer authorized. These changes are significant and are an important step
in recognizing that changes in customary off-road vehicle recreation are needed to reduce impacts to the desert
tortoise and its habitat. Sponsors of competitive vehicle events are cooperating in this major change in Bureau
procedures for managing vehicle use in Fremont Valley. We anticipate that much discussion on all vehicle use
in Fremont Valley and the adjacent Rand Mountains will take place among the Bureau of Land Management staff
and the public during preparation of the draft management plan for the West Rand Mountains Area of Critical
Environmental Concern, an area in Fremont Valley and the Rand Mountains adjacent to the Desert Tortoise
Natural Area.
3. Mining - Increased scrutiny of all mining plans of operation within crucial desert tortoise habitat is occurring.
Proposals for residential use of m ining claims, if not necessary for mining to o c cur, are being denied, and
unnecessary habitat disturbance is being identified and curtailed. I n s ome cases, special fencing of mining

operations is being required to keep desert tortoises from entering areas subject to heavy truck traffic and ore
extraction. M i t igation may also include additional surveys for tortoises and subsequent removal from areas to
be mined, and monitoring of the relocated individuals to determine the appropriateness of this mitigation.
4. Livestock Grazing - In the California Desert Conservation Area Plan (Bureau of Land Management 1980), the
Bureau established the requirement that " t o rtoise emergence" must occur before domestic sheep could be

authorized to use public lands in "highly crucial tortoise habitat," or those areas considered most important for
the desert tortoise. A g r eement on the definition of "tortoise emergence" has been difficult.

a. Recently, the Bureau refined its internal definition of "tortoise emergence." I t

r equires that a

substantial proportion of the tortoise population in a given area is out of the hibernation burrows during
favorable weather conditions, and tortoises are actively feeding and moving about over a period which
will be sustained.
b. The spring of 1988 has been stressful for the woolgrowers because substantial annual plant growth
preceded emergence of desert tortoises from hibernation, and their sheep were ready to be transported
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to the desert allotments to utilize the ephemeral vegetation while it was succulent. M any areas within
the sheep grazing allotments produced many times the minimum ephemeral forage requirement of 350
pounds per acre by early February. However, domestic sheep were not allowed on the allotments within
"highly crucial" tortoise habitat until seven calendar days after "tortoise emergence," which occurred
on March 20.
c. The new definition of " t o rtoise emergence" assures consistency in our management of domestic
livestock grazing in "highly crucial" desert tortoise habitat and also provides the public with a better

understanding of the procedures used to determine when sheep grazing is appropriate.
d. The Ridgecrest and Barstow Resource Areas of the Bureau recently submitted a proposed amendment

to the California Desert Conservation Area Plan for the 1988 amendment process that would eliminate
the distinction between "crucial" and "highly crucial" desert tortoise habitat, and require both "tortoise

emergence" and a minimum of 350 pounds of ephemeral forage per acre before sheep grazing
authorizations could b e i s sued i n an y c r u cial tortoise habitat as s h ow n i n t h e C a lifornia Desert
Conservation Area Plan on Map. 4 - S e nsitive, Rare, Threatened, and Endangered Wildlife Species

(Bureau of Land Management 1980). Another amendment proposed by the Bureau calls for defining
three management categories of desert tortoise habitat based on f our c r iteria: population density,
stability, potential for conflict resolution, and need for maintaining large, viable populations. The three

management categories are: 1) areas where stable, viable populations will be maintained and increased
where possible, 2) areas where viable populations will be maintained, and 3) areas where declines will
b e limited using m i t igation measures. These three categories reflect th e B ureau's ne w p o l icy o f
developing a consistent, standardized approach to management of the desert tortoise throughout its

range.
5. Land Acquisition - Congress recently appropriated $500,000 from the Land and Water Conservation Fund
to enable the Bureau of Land Management to purchase private lands within the boundary of the Desert Tortoise
Natural Area. We hope to receive increased funds in the next two years, totaling approximately $1,000,000
per year, for continued acquisition of private lands within the Natural Area. This funding, plus land acquisitions

by the Desert Tortoise Preserve Committee, The Nature Conservancy and the Wildlife Conservation Board of the
Department of Fish and Game, should result in protection of all tortoise habitat within the Desert Tortoise Natural
Area within the next five to seven years. The Defenders of Wildlife and other private conservation organizations
were instrumental in persuading Congress to appropriate the funds to enable the Bureau to proceed with the
land acquisition program.
a. We are also coordinating land acquisition efforts with other agencies and organizations involved in

purchasing land within the Desert Tortoise Natural Area. Earlier this year the Bureau sponsored the first
of a series of meetings with representatives from the Wildlife Conservation Board, Department of Fish
and Game, Kern County, Desert Tortoise Preserve Committee and The Nature Conservancy to share
information about s pecific land parcels to b e a c quired by w h o m an d w h en, i dentify p riorities for

purchase, and to stress the importance of avoiding duplicate offers. A new staff position has been
established by the Bureau specifically to acquire lands within the Natural Area using the Land and Water
Conservation Funds.
6. Ranger Patrol - The California Desert District was authorized to hire 20 additional rangers in Fiscal Year 1988.
This will double the Bureau's law enforcement capability within the California Desert Conservation Area. The
first member of this expanded ranger force was hired specifically for patrolling the Desert Tortoise Natural Area
and the adjacent Fremont Valley and Rand Mountains. This greatly increases the amount of ranger patrol effort

within these areas supporting high density tortoise populations, and will enable us to meet our goal of providing
at least 16 hours of ranger patrol each week at the Natural Area during the period from March 1 to June 1,

a. More frequent ranger patrol and land use compliance inspections will enable us to detect and control
unauthorized uses on public lands related to mining, road construction, residential occupancy, off-road
vehicles and livestock grazing, and therefore provide for increased protection of wildlife habitat

and other resources. For example, during the early spring of 1988, Bureau of Land Management rangers
were involved in the detection and prosecution of individuals responsible for 11 separate sheep grazing
trespasses within desert tortoise habitat in the Ridgecrest Resource Area.
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7. M anagement Plans - We are in the early phase of preparing a management plan for the high value desert
tortoise habitat in Fremont Valley and the Rand Mountains, two areas adjacent to the Desert Tortoise Natural
Area that have many varied land uses such as hunting, shooting, off-road vehicle recreation, livestock grazing
and mining. An advisory team, composed of representatives from local government agencies and the public land
use groups, in addition to the Bureau and Department of Fish and Game, will participate in the development of
this management plan. Th e purpose of the advisory team is to assist the Bureau in identifying major issues,
resolve conflicts, and recommend management prescriptions needed to enable the Bureau to achieve the goal
of protection of the desert tortoise while providing for compatible multiple land uses. Team participants and a
schedule of public meetings will be announced within the next few months. Th e draft plan is expected to be
available for public review before the end of this calendar year.
a, Last year the Bureau reported on the progress made in developing a new management plan for the
Desert Tortoise Natural Area, A p proval of this plan has been delayed due to many changes that have
occurred recently regarding funding for land acquisition, increases in ranger positions, and discussions
regarding the management relationship of the Natural Area to the adjacent Fremont Valley. Th e final
plan for the Natural Area will be completed this year.
8. Research - The Bureau is one of the leading agencies funding and conducting applied research on the desert
tortoise. This research, conducted for the most part under the direction of Dr. Kristin Berry, has addressed a
variety of t o p ics, including population ecology, population trend, effects of o f f -road vehicles, firearm use,
grazing, and general human use. The most recent research has focused on the incidence of raven predation on
hatchling and juvenile tortoises.
a. The Bureau, in the California Desert Conservation Area Plan (Bureau of Land Management 1980),
identified the need to determine the effect of livestock grazing on the desert tortoise and its habitat. The
final decision approving the plan called for the development of a stewardship program under the guidance
of the District Multiple Use Advisory Council to focus on management of the desert tortoise and livestock
grazing. A dditional research is needed regarding the effects of livestock grazing on desert tortoises to
quantify impacts and to enable the Bureau to identify what changes in grazing practices are needed.
CONCLUSIONS
In conclusion, the Bureau of Land Management recognizes the need for significant changes in the
management of traditional land uses in the western Mojave Desert that are contributing to unacceptably high
levels of mortality and decline in the desert tortoise populations. T hese changes are beginning to occur, and
we expect that more will continue to be implemented as additional information becomes available on specific
corrective actions needed to properly manage tortoise habitat. Public understanding and acceptance of these
changes is necessary for success. Our initial goal is to realize a stabilization and recovery of the desert tortoise
populations in the crucial habitats to densities that occurred in the 1970's, with the ultimate goal of maintaining
healthy, viable populations of the desert tortoise in all areas identified as crucial habitat. Continued monitoring,
public education and public participation in developing necessary changes in land uses are the keys to achieving
this goal.
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DESERT TORTOISE PRESERVE COMM ITTEE - 1986 STATUS REPORT
George E. Moncsko
Background
The Desert Tortoise Preserve Committee (DTPC) is a private non-profit corporation formed in 1976. The
principle purpose of the committee is to promote the welfare of the Desert Tortoise (Gopherus egassizii') in the

wild in the southwestern United States and with the purpose of establishing and maintaining a Desert Tortoise
Natural Area in the western Mojave desert. That Natural Area was formally established by the Bureau of Land
Management (BLM) in 1980 as a Research Natural Area to protect the desert tortoise populations and habitat.
The Natural Area was also designated as an Area of Critical Environmental Concern (ACEC) in the BLM's 1980
Plan for the California Desert Conservation Area. Also, as part of the 1980 plan, the Western Rand Mountains

ACEC was identified. This area is adjacent to the northeastern part of the Natural Area and was established to
protect wildlife values including the desert tortoise and the state-listed rare Mohave ground squirrel.
The Natural Area is located in a part of California which historically included the highest density of tortoise
populations in the United States. The region had tortoise populations estimated at 500 to 2,000 per square mile.
At the present time, the Natural Area population is only 10 to 40 percent of the historical numbers.
This paper reports on the activities and status of the DTPC in 1986. T h e committee has had several
areas of concentration this year. Two important areas were acquisition of private land inholdings on the Natural
Area. and mitigation and compensation for lost tortoise habitat through developmental activities outside the
Natural Area. Other important, continuing tortoise-related support the Committee provided includes Natural Area
maintenance, education and interpretation.
The DTPC was honored this spring by being presented a Chevron Corporation Conservation Award. This
award was "in recognition of exceptional service in the cause of conservation" and carried a substantial( monetary

contribution. We were pleased to be able to go to Washington, D.C. as guests of Chevron to receive this award,
and while there we met with as many people as possible who could help the tortoise. (his included Congressman
Thomas, whose district includes the Natural Area; the BLM Deputy Director, Mr. David O'Neal and two of his
Division Chiefs; Senate and House staffers who prepare the BLM budget; and U.S. Fish and Wildlife Service
personnel. With each of these people we discussed needs of the tortoise for protection and habitat acquisition.
There is not any immediate payoff expected from these visits; however, they are part of the long-term effort

to make decision-makers aware of the tortoise and its needs.
Land Acquisition
When the area which was to become the Desert Tortoise Natural Area was designated in 1972, there
w ere approximately 16 sections of private land within the 39 sections comprising the boundaries. B y t h e

beginning of this year, the private land total had been reduced to approximately 11 sections. We worked closely
with The Nature Conservancy (TNC) and the Wildlife Conservation Board (WCB) of the California Department
of Fish and Game to acquire a substantial amount of land this year. The WCB, TNC, and the DTPC jointly acquired
948.5 acres from the Rudnick estate. This land represented the largest remaining single ownership in the Natural
Area and was a major milestone in our acquisition plans. In addition, another 30 acres inside the Natural Area
were donated to the TNC, who holds title to all lands acquired by the DTPC, and 13.5 acres were donated outside
the Natural Area which will be used as trade stock for lands within the Natural Area.
To pay for the acquisition, the DTPC conducted a large fund raising campaign among various tortoise

groups, including the Desert Tortoise Council and the California Turtle and Tortoise Club, plus several garden
clubs and selected Audubon members, and a list of potential corporate donors. The response to this appeal was
outstanding, particularly by the private donors with a more limited corporate donation support. T his response
is very supportive of our needs and is allowing us to continue in the task.
Natural Area Stewardship
As a part of the DTPC's Stewardship responsibilities to the Natural Area, we maintain a photo monitoring

survey of the Natural Area. This record will be maintained over the years to document any changes in the habitat
condition. T his year we updated the part covering section 5 in the northwest part of the Natural Area. This
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is where the BLM removed the boundary fence last year at the demand of the private landowner who said he
wanted to subdivide and sell the land (which has not yet happened) within the Natural Area. This spring the BLM
reinstalled the fence, excluding those private parcels, with the help of the American Motorcycle Association who
furnished 25 helpers. This help was in partial mitigation for the Barstow - Las Vegas race. Although the boundary
fence is replaced, the Natural Area has another 160 acres fenced out which will have to be added back sometime
in the future.
Maintaining the boundary fence integrity and performing visitor interpretive trails are other yearly tasks.
This year the DTPC and the BLM held two fence repair parties, in spring and fall. A t o tal of 23 people turned
out for these and we accomplished a total of 26 major repairs and 59 minor repairs, in addition to removing an
abandoned auto from within the Natural Area boundaries. The workers also replaced many perimeter exclusion
notice signs which were vandalized. We also refurbished the nature trails this spring in preparation for spring
visitors.
A total of 216 people participated in seven spring guided tours and many others visited the Natural Area
on their own and signed the visitor log. In addition to tours on the Natural Area, the DTPC presented 34 tortoise
programs to 1, 50 0 p eople in various organizations plus 131 self-viewing programs to approximately 1,000
people at various turtle and tortoise shows. This is a part of our continuing education and interpretation program.
We were very pleased to be able to host a field trip on the Natural Area to participants of the 1 986 Desert
Tortoise Council symposium. For this trip the weather cooperated, the wildf lowers were out in force and of
course there were many wild tortoises found, viewed, and photographed.
Government Affairs
The DTPC maintains an active government affairs effort, primarily working with the BLM, and headed

by one of our vice presidents. This past year we negotiated and signed a Cooperative Management Agreement
(CMA) with the BLM for management of the Tortoise Natural Area. This formalizes the working arrangement
which has been followed the past several years. One section of the CMA calls for an annual meeting between
the parties to review accomplishments and input requirements for the out years. The first of these meetings
w as held in May an d Natural Area work plans for the BLM f i scal year 1987 w e r e reviewed w it h b u d g e t
allocations. O ver budget priorities were discussed along with out year requirements.
The BLM published a draft Habitat Management Plan (HMP) for the Natural Area, based on the draft
provided by the DTPC. We supplied comments to the plan, which were based mostly upon new data on Natural
Area population densities from BLM trend plot studies and analysis. T h is analysis showed more population
decline than expected. Tw o of the points we recommended were for stronger action on the problem of raven
predation upon young tortoises, and the need to establish a buffer zone surrounding the Natural Area. This buffer
would be managed as though it were a part of the Natural Area. This is in concurrence with the U.S. Fish and
Wildlife Service recommendation that a two-mile-wide buffer surround the Natural Area.
We further recommended in our HMP comments that the BLM develop a comprehensive mitigation and

compensation program, including fees and other compensation measures, to make up for deterioration and loss
of tortoise habitat elsewhere in the western Mojave Desert. The BLM, U.S. Fish and Wildlife Service, California
Department of Fish and Game, California Energy Commission, and The Nature Conservancy have developed such

programs for endangered and threatened species in the San Joaquin Valley. Dollars from projects that impact
tortoise habitat could be used to acquire land in the Natural Area. W e recommended that such a mitigation/
compensation program be a part of this HMP plan.
The DTPC was invited to participate in a Desert District Tortoise Advisory Group set up by the BLM
California Desert District office. This group is composed of BLM personnel augmented by California Department
of Fish and Game personnel and private individuals representing the Desert Tortoise Council and the DTPC. The
objective is to prepare recommendations to the district manager on specific policies and actions that should be
taken to provide viable and stable tortoise populations in the wild. The work of the group is to complete in 1 987
and the recommendations forwarded to management for review and implementation.
Mitigation and Compensation for Lost Tortoise Habitat
The Desert Tortoise Council has taken the lead in developing tortoise mitigation and compensation
measures for a solar energy generating system (SEGS) being constructed by LUZ Engineering at Kramer Junction,
California, T his has included removal and relocation of tortoises from the site and compensation for habitat
destroyed by the site. The Council voted to donate the funds paid as compensation to the DTPC for acquisition
of lands in the Natural Area, The DTPC worked with the Council to establish land values in the Natural Area

27

which helped determine the amount of compensation to be paid. The compensation funds for the first units
constructed ISEGS III, IV, and V) have been received by the DTPC and we are in the process of acquiring lands.
The OTPC has also been working w ith representatives of th e Kerr-McGee Corporation to establish
compensation for t o rtoise habitat lost t h rough construction of a c o g eneration plant in th e S earles Valley,
California. Discussions have involved purchase of additional lands in the Natural Area to compensate for habitat
disturbance at th e plant site. These compensations still require approval by ot her state agencies before a
construction permit is granted.
The whole question of developing a policy for mitigation and compensation for habitat disturbance and
destruction is a high priority for the DTPC. W e are working with various agencies and concerned groups to

develop comprehensive requirements in this area. The development pressures in the California desert are very
great and strong action needs to be taken now to assure that a viable tortoise population remains in the wild.
By developing a definite policy, the development industries will also be served. They will know what areas will
require tortoise mitigation/compensation and how much. This can be worked into their siting and development
plans and the required budgets established. The financial backers then know the requirements and can plan
without risk that some unknown compensation requirement will come in at a later date. The business community
also wants to reduce their uncertainty factor when undertaking these projects and this is a way of doing it.
This approach, of a Desert District tortoise management plan, coordinated with the BLM, the Department
of Fish and Game, and the various county agencies, in conjunction with definite mitigation and compensation
policies seems to offer a good chance to save the wild populations of tortoise. It is an approach which will require
hard choices and actions and from past experience is probably high risk. W e w ill report on progress in future
status reports.
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THE RECOVERY PLAN FOR THE DESERT TORTOISE IN UTAH
Robert G. Ruesink
I am grateful for the opportunity to address the Desert Tortoise Council on the status of the recovery
plan for the Beaver Dam Slope population in Utah. Bob Benton of our office has done most of the work on the
recovery plan for the Beaver Dam Slope population and helped me with these remarks. Bob attended last year' s
meeting, but was unable to be here this year and sends his greetings.
As you know, the Beaver Dam Slope population of the desert tortoise was listed as a threatened species
August 20, 1980 . T h i rty-nine square miles of critical habitat on the Beaver Dam Slope was designated at that
time also (35 in federal ownership and four in state ownership). My predecessor, Fred Bolwahnn, spoke to the
council in 1982 and outlined the procedure for developing a recovery plan. T h erefore, I will not go into that,
but will summarize what has occurred since.
In January of 1982 a scoping workshop was held in Salt Lake City for preparing the Beaver Dam Slope
desert tortoise recovery plan. J u s t as the listing process was very controversial every step of the w ay, the
recovery process started similarly. Letters were written to the Service from Utah Senators and representatives
demanding to know why the Desert Tortoise Council was participating in the scoping but the cattlemen were
not. Notw ithstanding this shaky beginning a Technical Review Draft was sent out for review in October, 1983.
Numerous, lengthy comments were received from:

Defenders of Wildlife
Fish and Wildlife Service
Utah Division of Wildlife Resources

Bureau ofLand Management
William Watson
Washington County Cattlemen's Association

Utah Farm Bureau
Desert Tortoise Council
Arizona Game 5 Fish
The Service also met with a representative of the Washington County Cattlemen's Association and Utah
Farm Bureau to explain the recovery plan. Many of the comments addressed the effects of livestock grazing on
the desert tortoise, from both sides of the issue. After reviewing all comments and making appropriate revisions,
a second draft was distributed for review and comment in March 1985. Comments again were received from:
Utah Division of Wildlife Resources
Fish and Wildlife Service

Bureau ofLand Management
William Watson
Dr. Kristin Berry

Desert Tortoise Council
Defenders of Wildlife

Arizona Game 5 Fish Department
Comments on this draft indicated that the emphasis on research in the plan would not prevent the
continued decline of the Beaver Dam Slope population of the desert tortoise and that some short term
management actions were necessary immediately. The Desert Tortoise Council recommended that a team of
experts redraft the plan because the current version would not lead to recovery of th e Beaver Dam Slope

population if implemented.
Once again all comments were reviewed and appropriate revisions made. The final recovery plan was

sent to the Regional Office in Denver in January of 1986. I t was placed on hold pending receipt of new
information resulting from the 1986 Desert Tortoise Council meeting. A cursory review of the plan by Regional
Office personnel revealed that additional information and changes were necessary.
However, before it could be reviewed in detail and comments sent back to the Salt Lake City Field Office,
the plan was in effect "buried" by higher priority issues within the Region, where it has remained. The recovery
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plan only recently resurfaced and will be addressed by the Regional Office in April. It w ill then be returned to
our Salt Lake City Office in April for final revisions.
You may be thinking that the Service has failed to produce a final recovery plan for the Beaver Dam Slope
population of the desert tortoise, so nothing has happened to aid the species since its listing. T his is not the
case, as I will point out.
As soon as the desert tortoise was listed as threatened and critical habitat designated on the Beaver Dam
Slope, federal actions which might affect the species or its habitat were subject to consultation called for by
Section 7 of the Endangered Species Act. S ince its listing in 1980, five formal consultations have been done
on federal actions which "may affect" the Beaver Dam Slope population of the desert tortoise. The Bureau of

Land Management was the federal agency involved and all actions were related to grazing. The Service's
b iological opinions were that the implementation of two grazing management plans and construction of tw o
water systems would not jeopardize the continued existence of the Beaver Dam Slope population of desert
tortoise. The opinion on the livestock enclosure on the study area was that it would promote the conservation
of the desert t o rtoise. A p r i m ary r eason for t h e n o n-jeopardy opinions was th e b e lief t hat t h e g razing
management plans and livestock watering systems would disperse livestock away from tortoise concentration

areas.
I would now like to get out my crystal ball and speculate on what may happen to the Beaver Dam Slope
population of the desert tortoise in the future. W e have just heard from Mike Coffeen (UDWR) about known

mortality of mature females and an apparent precipitous decline in the population. This raises the questionshould the Beaver Dam Slope population be reclassified from t hreatened to endangered? T h e S ervice, in
considering species to be listed or reclassified from threatened to endangered, applies three criteria to establish
1 2 priority categories (Table 1 ). This priority system was not designed to dictate all program decisions, but rather
to serve as a guide for rational resource allocation. T hese categories are as follows:

Magnitude of threat (high, moderate to low)
Immediacy of threat (imminent or non-imminent), and

Taxonomy (monotypicgenus, species, subspecies).
Table 1. Priorities for listing or reclassification from threatened or endangered.
THREAT

~Ma nitud

~lmmedi

~Texan m

~Priori

H igh. . .

Imminent.

Monotypic genus.

Species.. . .

..

Subspecies , .

Non-imminent.

..

Monotypic genus.
Species. . .

. ..

S ubspecies. . . .
Moderate to Low

Imminent.

Monotypic genus.
Species. . . . . .

S ubspecies.. . .
Non-imminent.

Monotypic genus.
Species.. . . . .
S ubspecies. . . .

10
11
12

For example, if the magnitude of threat were high and imminent for a subspecies, the priority ranking
w ould be 3. I f the threats were high and non-imminent for a subspecies, the priority ranking would be 6. I n
the case of the Beaver Dam Slope population of desert tortoise, the ranking would probably be 3. W h ile this
is a high priority ranking, the Salt Lake City field office could possibly have priority 1 or 2 species in line for listing
actions next fiscal year.
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Table 2. S p ecies priority.
Degree of
Threat

Recovery
Potential

T~oxooom

High

Monotypic genus

High

Species

High

Subspecies

3C
3

Low

Monotypic genus

Low

Species

4C
4
5C
5

Low

Subspecies

High

Monotypic genus

High

Species

High

Subspecies

Low

Monotypic genus

Low

Species

Low

Subspecies

12

High

Monotypic genus

13

High

Species

14

High

Subspecies

15

Low

Monotypic genus

16

Low

Species

17

Low

Subspecies

18

~Priorit

Conflict
1C
1
2C
2

High

6C
6
7C
7
8C

8
9C
9

Moderate
10

10C
10
11C
11
12C
12
13C
13
14C
14

15C
15

Low
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16C
16
17C
17
18C
18

Section 7 of the Endangered Species Act offers equal protection to threatened and endangered species,
therefore no protective advantage is realized by reclassification. The jeopardy standard must be satisfied for
threatened as well as endangered species when federal action may affect them.
The current recovery priority for the Beaver Dam Slope population of the desert tortoise is 12, T his is
derived from the following table (Table 2), Degree of threat is again an evaluation criterion, which in the past
was determined to be moderate. Recovery potential was determined to be low and a population ranks the same
as a subspecies. Actually the ranking could be 12C indicating conflict with grazing on the Beaver Dam Slope.
In light of the new information presented by Mike Coffeen, the degree of threat should perhaps be reevaluated.
If determined to be high, the ranking would move up to 6. Let's look for a minute at recovery potential and its

bearing on recovery priority ranking (Table 3).
To date Fish and Wildlife Service has provided $37,300 in funding to the State of Utah in accordance
with Section 6 of the Endangered Species Act. The Bureau of Land Management, University of Utah and many
others have also funded desert tortoise investigations on the Beaver Dam Slope. Section 6 funding for this year
remains uncertain. The grizzly bear, black-footed ferret and Colorado River fishes will remain a very high priority
in Fish and Wildlife Service Region 6 for funding. Realistically, the Beaver Dam Slope population of desert tortoise
is unlikely to get a much bigger share of recovery funding in the future.
In order to utilize available funds most efficiently and make the best-informed decisions regarding the
desert tortoise on the Beaver Dam Slope, I am proposing the formation of an ad hoc recovery committee. I do
not have funding for such an effort, so it w ould require agency support, support from the Council and some
volunteer work. I would see the committee evaluating and prioritizing research proposals and recovery actions.

I think that the membership should be made up of technical representatives of concerned agencies such as the
Service, Utah Division of Wildlife Resources, and Bureau of Land Management. Experts on the species should
be included with the total number on the committee not to exceed 7. Most business would be conducted through
the mail and by phone with perhaps an annual meeting in conjunction with this session. I would appreciate any
reactions to this proposal in the next two days. A r e there any questions?
Table 3. Recovery potential.

High Recovery

Low Recovery

~Pe n t ial

Potential

Biological and ecological
limiting factors

Well understood

Poorly understood

Threats to species' existence

Well understood,
easily alleviated

Poorly understood or
pervasive and difficult
to alleviate

Management needed

Intensive management
not needed, or techniques well documented
with high probability

Intensive management
needed with uncertain
probability of success,
or techniques unknown

of success

or still experimental

'When possible and biologically feasible, data pertinent to the recovery of a particular taxon will be extrapolated from known
ecological requirements or management techniques for closely related taxa.
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ARIZONA 1987 STATE REPORT: THE ARIZONA GAME AND FISH DEPARTMENT
Cecil R. Schwalbe
Position Statement - At its April meeting last year, the Arizona Game and Fish Commission unanimously adopted
the position that available data do not warrant Federal listing of the desert tortoise as threatened or endangered
in Arizona at this time. Research needs to be conducted on the population status of the tortoise in Arizona and
on the effects of v a rious management and land use practices on tortoise populations. T h e D e partment is
developing an interagency research-management program to address the issue.
Tortoise Dog Study - With funding from the Nongame Checkoff, the Department hired David Germano to attempt
to locate desert tortoises in Sonoran desert scrub habitats by the use of a dog. His 18-month-old female springer
spaniel had been trained to find captive desert tortoises in Albuquerque, New Mexico. In field surveys April 2225, 1 986, attempts to locate desert tortoises by the dog were unsuccessful. No active tortoises were observed,
apparently because of the extremely dry spring. In field trials conducted during the early mornings of April 2930, the dog located five of eight tortoise that had been placed under rocks and vegetation prior to the search.
Because of other commitments, it was not possible to conduct surveys following the onset of the summer rains.
Additional field surveys need to be conducted during periods of greater rainfall and tortoise activity. Dogs have
been used with great success to find box turtles in Missouri and desert tortoises in Mohave desert scrub habitats
in California. Dogs should be of even greater relative use is surveying complex Sonoran Desert tortoise habitats,
where low visibility of tortoises is a severe hindrance, if the problems of aridity, rattlesnakes and cactus spines
can be overcome.
Arizona Interagency Desert To rtoise Team - T h e e m phasis of t h e d r af t A r i zona Desert To rtoise Habitat
Management Plan is on desert tortoise populations in Sonoran Desert habitats in Arizona because 1) most desert
tortoises in the State are found in Sonoran desert scrub, 2) there is almost a total lack of population data from
those habitats, and 3) observed differences in behavior, habitat selection and biochemistry make extrapolation
of population parameters from studies of tortoises in other habitats very risky. A s h ift in censusing Sonoran
Desert tortoise populations from the traditional spring census on the Mojave Desert to a late summer or fall census
following onset on the summer monsoon season was suggested. Comparative spring and fall data are needed
to document the season of greater activity in Sonoran Desert tortoises.
Study Site Evaluation - Employees from the U.S. Bureau of Land Management, U.S. Bureau of Reclamation and
the Department evaluated potential desert tortoise study sites in the Arrastra, South Hualapai and Maricopa
mountains. D e p a rt ment p ersonnel continued evaluation of t h e d e sert t o r t oise population in t h e T o r t illa
Mountains as a potential study site,

Document Review - Department personnel evaluated six study proposals, management plans or survey reports
regarding the desert tortoises.

Adoption Programs - Desert tortoise adoption programs were continued in Tucson by the Arizona-Sonora Desert
Museum and in Phoenix by the Department's Adobe Mountain Wildlife Center. Betty Vance adopted out 117
desert tortoises for the Museum, coincidentally the same number as last year. C i ndy Dorothy adopted 92
tortoises from the Center.
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A PERSPECTIVE ON INTERNATIONAL CONSERVATION OF TORTOISES
lan R. Swing(and>

Introduction

For some time the ecology, behavior and conservation of reptiles and amphibians have been separate
considerations and it is only recently that their interdependence has been recognized as vital to the future of
species, particularly under the current pressure on land and resources - and the necessity for governments to

reconcile the conflict between use and conservation (Swingland 1984).
There are forty species of terrestrial chelonians in the world of which a quarter are endangered, vulnerable
or rare (see Table 1 and Groombridge 1982). The worldwide bulk trade in these tortoises is estimated at over

200,000 animals per year involving about twelve species (IUCN Tortoise and Freshwater Specialist Group).

Table 1. St atus of tortoise species.
TORTOISES - FAMILY TESTUDINIDAE
40 SPECIES WORLDW IDE
1 SPECIES - EXTINCT
Homopus bergeri - rediscovered 1985
3 SPECIES - ENDANGERED
Madagascar tortoise (Geochelone yniphora), Galapagos giant
tortoise (Geochelone elephantopus), Bolson tortoise
(Gopherus flavomarginatus)
6 SPECIES - VULNERABLE
Radiated tortoise (Geochelone radiata), Florida gopher
(Gopherus polyphemus), Geometric tortoise (Psammobates
geometricus), Spur-thighed tortoise (Testudo graeca),
Hermann's tortoise (Testudo hermannr)
1 SPECIES - RARE
Aldabra giant tortoise (Geochelone gigantea)

All of t h e s p ecies in T a ble 1 a r e i n t r ade o r u n der t h reat f rom f e ral m ammals, collecting, fires,
development, gassing, dune buggies and other off-road vehicles, missile site construction, competition with
grazing stock, for human food even when the normal staple foods are present, and for making into musical
instruments. W it h the exception of the three European species where bulk trade is banned by the European
Parliament since January 1984, and the extinct in southern Namibia (Homopus bergeri) wh i ch we rediscovered
in 1985, all of these species are available at prices ranging from $200 to $ 8 ,000 each.

In this brief report I will discuss aspects of tortoise ecology and behavior (which is reported more fully
elsewhere - Swingland and Klemens 1989) pertinent to management and conservation, and review the scientific
data necessary to plan pragmatic efforts to prevent extinction. In the management of tortoise populations basic
scientific information is necessary (Table 2).

' lan Swingland was formerly Senior Research Fellow and Visiting Professor, Museum of Zoology and Department of Biology,
University of Michigan, Ann Arbor, Ml 48109, USA; Currently Founder and Research Director, The Durrell Institute of
Conservation Ecology, University of Kent, Canterbury, Kent CT2 7NX, U.K.
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Table 2. Data needed before sustainable conservation measures can be taken involving tortoise populations.
ASPECT

DATA

Population
Reproduction
Mortality

Structure
Dynamics
Life table
Offtake
Movement/migration
Breeding sites
Life history characteristics
Environmental sex determination

Behavior
Ecology

Systematics
Tortoise population structure is vital data which is generally inadequate because of the difficulty of
finding young tortoises and correctly estimating the age of individuals from scute rings (Swingland 1978). This
is a problem with all chelonia species; however, we can produce sensible approximations using certain iterative
statistical techniques and by using data derived from a knowledge of the population dynamics. O nly one life
table exists for a turtle (Chrysemys piete, Tinkle, Congdon and Rosen 1981) and wi th out one for w h a tever
species population under consideration, sustainable management plans cannot be draw n up . G o v e r nment

agencies need such analyses to plan management of species and areas where there are conflicts of interest.
Casebooks
In southern France one of the last substantial populations of Testudo hermanni exists and by using our
knowledge of the population dynamics we are able to show quite unequivocally that the population is inexorably

declining because of human neglect of the few open areas (e.g., olive groves and vegetable gardens) in this forest
habitat where shrub encroachment has prevented their use as nesting areas (Stubbs and Swingland 1985). Our
understanding of individual movement patterns has enabled us to define the limits of the conservation area
(Swingland and Stubbs 1986). This knowledge has prompted the establishment of a locally-based organization
to conserve the forest and its tortoise population which has attracted international funding and recognition. It
has also provided for multiple land use with tourists, forestry and conservation going hand-in-hand with the
interests of the local villagers and commune.
For years tortoises have been imported into the U.K. as pets. Every child can recognize a tortoise, even
though this family of reptiles has, as far as we know, never lived there as a native species. The absence of them
in our geological record is not very surprising since the climate is quite unsuitable. But w e have continued to
bring in vast numbers of these animals; in the decade from 1 986, over two million tortoises were imported, about

200,000 a year,and even in 1938 some 250,000 were brought in.
There is no substantial evidence that the majority of them are dead within a few years, although some
people are successful in keeping the family pet for a considerable time. S ome have even bred them, and one

person in the U.K. has just produced young from parents bred in Britain. Gilbert White, the vicar of Selborne,
kept a tortoise in his garden for decades, and the monarchs of Tonga were purportedly given one by Captain
Cook which lived for well over a century. But there is no doubt that the combination of variable temperatures
in winter (which keeps bringing them out of hibernation) and the generally low temperatures throughout the rest
of the year (which means that their eggs will not incubate and their digestion will not be working as efficiently
as necessary to support the energetic demands of the year) ensures that they do not fare well here.
From January 1, 1984, there has been a Europe-wide ban on the bulk importation of tortoises under the
Convention in Trade of Endangered Species. The history of this ban goes back about four years to the time when
the Royal Society for the Prevention of Cruelty to Animals published a booklet on the tortoise trade and an
i nternational group o f s p e cialists wa s f o r med t o a d v ise on t h e c o n servation of t h es e reptiles under t h e
International Union for the Conservation of Nature. T his group recommended a total ban on the bulk trade in
tortoises. In 19 82, using existing legislation, an attempt was made to limit the imports. H o w e ver, by the end
of the year the EEC had acted, and now t h e b ulk exportation and importation of Dr . H ermann's (T estudo
hermannI), the spur-thighed (Testudo graeca) and the marginated tortoise (Testudo marginata) are banned within
EEC countries.
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The tortoises which w ere imported came from Turkey and Yugoslavia, but they used to come from
Morocco until supplies apparently "dried up". A l t hough there is no hard evidence, it appears that commercial
exploitation of populations quickly results in decimation. M ost of the collecting was done by village children,
who received about 30 cents for each animal. These were then collected by the company truck and taken to
a packing centre, where they were kept without food and water for some time to prevent defecation in transit)
before being put into crates and transported to northern Europe, The transporters were refrigerated to reduce

the animals' activity; nevertheless some used to be damaged by badly built crates or died within weeks of arrival,
probably from the stress of the journey.
In the northeastern corner of Greece close to Thessaloniki, at a tiny place called Alyki, there is a coastal
sandy heath where a very substantial population of Dr. Hermann's tortoise has existed quite happily alongside
an ancient but still working saltworks. Unfortunately, the villagers, who own the heath and want to put up villas
there to create much-needed work, have simply burned, ploughed and harrowed the area in the hope that it should
consign all the animals and plants to oblivion, and remove any barriers to construction. But the wildlife has hung
on, even though 40% of the tortoises were killed, and the Greek government has apparently offered to give the
villagers another nearby portion of similar area, without tortoises, if they relinquish the heath. Recently the heath
was protected by Presidential decree over the objection of local grazers and other vested interests.
Europe is not the only area where the future of tortoises is in jeopardy. Take, for instance, Aldabra Atoll,
which is 300 miles north of Madagascar and one of the remotest places on earth, protected from any significant

exploitation by having little soil for agriculture and little freshwater and being extremely rugged and inhospitable
to man. Nevertheless, in the early 1960s, the British government considered building an airbase for the
Americans, which might have involved bulldozing the tortoise out of the way, dynamiting breeding colonies of
frigate birds and boobies to prevent airstrike, and setting off a controlled atomic explosion within the internal
lagoon to provide an instant harbor for tankers to refuel the aircraft. In any event, the government bought the
island off Diego Garcia for the USA airbase, and in consequence most of its wildlife has been exterminated-

- but Aldabra was saved,
The Atoll has faced such threats in the centuries before when sailors removed so many giant tortoises
for meat that even Charles Darwin complained to the governor responsible for Aldabra. Nothing was done, and
it was the low numbers of animals, as it was in the Galapagos, that eventually turned the pirates and traders
away from detouring to such a remote place for such little profit and enabled the population to recover.

It is possible, for instance, to look at the age structure of the population and see when tortoise collection
temporarily ceased; for example, tortoises born (or quite small) during the Second World War are overrepresented in the population. Small ones are easy to put in a pocket and remove to be sold, or perhaps given
to newborn Seychelles girls who, when marrying, would eat the by then fully grown tortoise at the wedding feast.
From 1970 to 1980, the Royal Society ran a research station at the western end of the Atoll after a few
preliminary scientific expeditions. I n 1 980 the Seychelles Islands Foundation took over responsibility for the
Atoll, and today the island is a World Heritage Site.
Tortoises are not fussy eaters, eating almost anything — plants, faeces, their dead counterparts, other
dead animals, plastic washing-up bowls — but when given a choice they are selective, preferring certain species

of plants. On Aldabra, they feed on a very short turf call tortoise turf. This is composed of 20 or more species
of plants which, through thousands of years of grazing pressure, has become permanently — genetically dwarfed and will not grow any higher if tortoises are prevented from feeding on it. Ye t the same species of
neighboring islands without tortoises are quite tall.
The loudest noise in the reptile world is that of giant tortoises copulating, and the groans can be heard

over a mile away on a still day. In contrast, the Galapagos tortoises, although much bigger, make a pathetic
g runting noise not m u c h l o u der t han th e r a ther shrill squeaks of t h e t o r t oises to b e f o u n d a r ound t h e
Mediterranean.

Since the Atoll is composed of three separate islands, it was possible to investigate the population
ecology of giant tortoises as if they were in an open-air laboratory. M ore importantly, it was possible to show
that a behavioral polymorphism existed in one island population where some individuals migrated to the coast

prior to the rainy season each year while the majority stayed inland and that it was always the same individuals
that either migrated or stayed. These behavioral differences are not ascribable to differences in sex or age, but
it was later discovered that migrants were a different shape which helped discard one of the possible explanatory

models.
A major discovery was that females took great care in selecting nest sites and there was an extreme bias
in the sex ratios of the hatchlings — each nest produced predominately one sex or the other.

In humans and mammals, the sex chromosomes determine the sex of the embryo: females have two X
chromosomes, while males have an X and a Ychromosomes. The sex of the offspring depends on whether a

36

sperm carrying an X or a Y chromosome fertilizes the egg. I n most chelonians (including tortoises) there are
no X or Y chromosomes and sex is determined environmentally by the incubation temperature of the eggs,
although ultimately under the control of genes. A cool spot gives males and a warm spot females. Many problems
still exist (New Scientist, 7 February 1985). How does a female 'know' which sex increases her inclusive fitness
— or in other words, she should produce the least represented sex in the population to maximize her number of
grandchildren, but since tortoises take ten years or more to mature, she would have to 'crystal-gaze' the sex
ration at least ten years hence. We know the mechanism of environmental sex determination, but current work
on geckoes is focused on what a female does from year to year, and what populational cue, if any, she uses
to bias her nest site selection. Is the propensity, if any, for a particular female to produce predominately one
sex rather than the other inheritable? How did this sex determination system evolve?
Female giant tortoises nest at night, having carefully selected the site over the previous few days. The
nest is begun in early evening, using the hind feet alternatively, and is finished once the hind leg can fully extend
into the hole. If an obstruction arises, she digs another hole elsewhere. She then lays from five to 20 eggs and
covers over the nest. The whole process lasts about six hours. Females of the European species, in contrast,
will normally nest rapidly during the evening, digging a small hole and depositing two to five eggs. T his more
surreptitious behavior may result from pressure to finish nesting quickly and vacate the site, leaving as few clues
as possible as to the location of the nest before the nocturnal predators are active. All the same, many nests
are dug up and the eggs eaten by badgers, beech martens and possibly foxes. The female must choose her site
carefully, at a time of day when she can sense the temperature characteristics, using her nose as accurately as
possible. Her careful selection of the site is important, since the temperature of incubation determines the sex
ratio of the young that eventually emerge. A c l utch placed in a relatively cool place gives sons.

The tortoise of Aldabra sleep with their necks outstretched, making them very vulnerable to predators
(if they existed on the Atoll), while most other species, which live in environments where there are nocturnal
mammalian predators, sleep with their heads withdrawn. This behavior gives a clue to why tortoises, particularly
giants, have disappeared from all but the remotest of the oceanic islands.
The Future and the Desert Tortoise
The conservation problems of Aldabra began to involve me in international conservation and in 1980
Sir Peter Scott invited me to form the Tortoise Specialist Group of the Species Survival Commission. Since the

inaugural meeting, in October 1981, of the IIJCN/SSC Tortoise Specialist Group, an action plan for ecological
research and the worldwide conservation of tortoises has been in operation. Because of the existing detailed
knowledge and the high level of public interest in tortoises (Testudinidae), some success has been achieved in
funding two m ajor single-species studies in Europe and N. A m erica and banning the bulk trade in Europe.
However, considerable gaps in our knowledge of their status, distribution and ecology has made the task of
conserving the remaining 40 s p ecies formidable. F o r t h i s reason, a f o ur-year global survey of t e rrestrial
chelonians, began in 1985 under the SSC Tortoise Specialist Group (the Freshwater Turtle Group combined with
the Tortoise Group in October 1986 under the co-chairmanship of Peter Pritchard), Gerald Durrell of the Jersey
Wildlife Preservation Trust is the Patron of OPERATION TORTOISE (OT)'
OPERATION TORTOISE will involve animal ecologists in a large number of countries who work on the
biology of t h ese species, many of w h i c h are endangered, and is receiving the help of m an y i n stitutions,

governments and sponsors. The Tortoise Group's network of over 200 members and corresponding members
is also helping in supplying local information and intelligence. OT is organized in phases covering Central and

South America, SE Asia and India, and Africa. Each phase is coordinated by a member (or members) of the Group
or someone closely associated with it and the geographic area. Apart from members, special advisers on this
particular project are Chuck Carr and John Behler of the New York Zoological Society.

Of the 40 living species (Table 3), the status, distribution and ecology of about eight species are well
known. W ork on those in North America and Mexico is highly advanced and well documented, but information
regarding Central and South America is sparse and inadequate. With the help of Group members, a large number
of people from many countries will be working in these latter areas.
' "OPERATION TORTOISE: The "Conservation Bioloby of Tortoises" will be published by IUCN and available at the First World
Congress of Herpetology, Canterbury, Kent, UK from 11-19 September 1989. All contributors will be invited to this Congress
for the publication and to attend the scientific sessions and the meetings of the IUCN Specialist Groups.
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Table 3. A classification of the Testudinidae primarily based on lower jaw structure and the length of the trachea
(Modified and adapted from Crumly 1984).
Family Testudinidae
Forty living species and 200 fossil forms
Subfamily Gopherinae
- arose in Eocene (55m BP), northern hemisphere
Tribe Manourinii

- once over Laurasia, now only Southeast Asia
Genus /I/lanouria Grey 1852
- ten extinct species, two living species
Manouria emys
Burmese brown tortoise, Southeast Asia

Manouria impressa
Impressed tortoise, Southeast Asia
Tribe Gopherinii
- restricted North America
Genus Gopharus Rafinesque 1832
- fifteen extinct species, four living species

Gopherus agassizii
Desert tortoise, Mexico, USA
Gopherus polyphemus
Florida gopher tortoise, USA
Gopherus berlandieri
Texas gopher tortoise, Mexico, USA
Gopherus flavomarginatus
Bolson tortoise, Mexico, USA

Subfamily Geocheloninae
— thirty three living species, largely restricted to southern hemisphere
Tribe Gopherinii
— South America, Africa and India

Genus Geochalone Fitzinger 1835
— fifty extinct species, eleven living species'
Geochelone gigantea

[or Aldabrachelys (Loveridge & Williams 1957)
elephantine (Dumeril & Bibron 1835)]
Aldabran giant tortoise, Aldabra

Geocheloneelephantopus
[or Geochelone nigra, Quoy & Dumeril 1824)
Galapagos giant tortoise, Galapagos

Geochelone radiata
Sokake, Radiated tortoise, Madagascar

Geochelone yni phora
Angonoka, Madagascar
Geochelone elegans
Indian starred tortoise, Asia
Geoch clone pardali s
Leopard, or Mountain, tortoise, Africa
Geochelone denticulata

' Crumly (1984, Table 17, p. 423) mentions only 8 species in Geoche/one. This is a typographical error.
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Forest tortoise, South America
Geochelone carbonaria
Red-footed tortoise, South America
Geochelone chilensis
Chaco tortoise, South America

Geochelone sulcate
Spurred tortoise, Africa
Geochelone platynota
Burmese starred tortoise, Burma
Tribe Testudinini
- Africa, Madagascar, southern Europe, southwest Asia and India
Genus Acinixys Siebenrock 1902
- no known fossils, one living species, western coastal Madagascar
Acinixys planicauda
Flat-shelled tortoise, Madagascar

Genus Chersina Gray 1831
- one fossil species, one living species, southern Africa
Chersina angulata
Bowsprit, or Angulate, tortoise, South Africa/Namibia
Genus Homopus Dumeril and Bibron 1835
- no known fossils, five living species, southern Africa
Homopus areolatus
Parrot-beaked tortoise, South Africa
Homopus berger/'
(to be re-instated), Namibia
Homopus boulengeri
Boulenger's tortoise, South Africa
Homopus femoralis
Karoo tortoise, South Africa
Homopus si gnatus

Speckled tortoise, southern Africa
Genus Indotestudo Lindholm 1929

- one fossil species, two living species, southeastern Asia, India, and Indonesia
Indotestudo elongata
Yellow tortoise, Asia
Indotestudo travancorica (including Indotestudo forstenrl
Travancore tortoise, Asia
Genus Malacochersus Lindholm 1929
- no known fossils, one living species, eastern Africa
Malacochersus tornieri
pancake tortoise, East Africa
Genus Psammobates Fitzinger 1835
- no known fossils, three living species, southern Africa
Psammobates geometricus

Geometric tortoise, South Africa
Psammobates oculifer
Serrated tortoise, southern Africa
Psammobates tentorius
Tent tortoise, South Africa

' Crumly (1984, Table 17, p. 424) counts only four living species in Homopus. Homopus bergeri Lindholm 1906 was
erroneously synonymized with Homopus boulengeri by Siebenrock 1909 who later correctly assigned it to the geometricus
group (Loveridge and Williams 1957). A population was only very recently rediscovered (Greig pers. comm.).
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Genus Pyxis Bell 1827
— no known fossils, one living species, southwestern coastal Madagascar
Pyxis arachnoi des
Spider tortoise, Madagascar
Genus Tastudo Linnaeus 1758
- at least forty fossils, five living species, found over

southern Europe, northern Africa and, formerly, southwest
Asia
Testudo marpinata
Marginated tortoise, Greece, Italy
Testudo praeca
Spur-thighed tortoise, Mediterranean
Testudo hermanni
Hermann's tortoise, Mediterranean
Testudo horsfieldi
Horsfield's tortoise, Eurasia
Testudo kleinmanni
Egyptian tortoise, southeast Mediterranean
Genus Kinixys Bell 1827
- no known fossils, sub-Saharan Africa
Kinixys belliana
Bell's hinged tortoise, Africa
Kinixys erosa
Forest hinged tortoise, central Africa
Kinixys homeana
Home's hinged tortoise, central Africa
Kinixys natalensis
Natal hinged tortoise, southern Africa
The current Director of the Galapagos Research Station agreed in 1985 that a re-examination of the giant
tortoise populations is necessary to monitor the effectiveness of the conservation program and OT has offered
any help thought useful. W e are hoping that Dr. Tom Fritts will be able to help to report on this after his next
extended visit.
Currently work is going on in South Africa by the Natal and Cape Parks Boards with the help of another
Group member. T his work is important since a quarter of the world's species of tortoise live in this area and

there has been some confusion over the precise status of these species. Moreover, his visit has confirmed the
continuing existence of a species thought to be extinct, Homopus berperl'. In Kenya the pancake tortoise remains
largely unknown, but OT has offered support to Nairobi Museum and to any team to find out some basic facts

regarding this strange chelonian. Work in many other places is being planned.
Work on tortoise conservation cannot be conducted in isolation. Realistic management plans must take
into consideration other wildlife, the habitat and local human factors and uses; thus a high degree of liaison with

other projects is involved and this normally includes joint work with senior personnel and collaborating
researchers from many countries and different agencies. Occasionally it has required supporting researchers
in the field to collect specific data. Where possible, field work on population dynamics is carried out in the same

manner at each site visited. It comprises a controlled sampling program in well defined areas, and all tortoises
found are uniquely marked and measured and their activity noted. All data is recorded in a standard format, which
is directly comparable between sites, and with existing data sets for other species (Table 4).
' John Greig rediscovered this species according to my information about two years ago.
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Table 4. C o nservation management and the data required

oa
~
Management plan

Life Table
Habitat Integrity
Behavioral Constraints
Environmental Sex Determination

Conservation

Local Vested Interest
Education
Infrastructure
Investment Return

Exploitation

Trade

FarmingiRanching
Tourism
The impetus generated by OT to conserve tortoises will not be dissipated at the end of the project in
September 1989. We hope that all the world's agencies will sponsor and fund implementation programs, where
necessary, based on the OT report to stop some of these animals from becoming extinct.
In November 1984, the Species Survival Commission named Geochelone yniphora, the Madagascan
tortoise as one of the top t w e lve animal species for conservation. N u m erous agencies including the Jersey
Wildlife Preservation Trust, the New York Zoological Society, and especially WWF-US and WWF International
a re already working on t r y ing t o c o nserve this species and have funded the species recovery project fo r
Geochelone yniphora, a project of the IUCN Tortoise and Freshwater Turtle Group, under the management of
Lee Durrell. A c a ptive breeding program is underway and on-ground reviews of the current status have been

made by three members of the Tortoise Group and an expedition. the first Field Officer arrived in Madagascar
in March 1986 to begin the Species Recovery Program and the second arrived in January 1987. S uch species
recovery programs involving captive breeding are necessary when the species isin extremis and are not those

of choice since they are fraught with difficulties and do not address habitat maintenance for eventual reintroduction.
In the USA all species of Gopherus are facing considerable problems which require attention if their
populations are not to be decimated and extinguished. The current status of Gopherus agassizii (the desert
tortoise), Gopherus polyhemus (the Florida gopher tortoise), Gopherus berlandieri (the Texas gopher tortoise),
and Gopherus flavomarginatus (Bolson tortoise) gives rise for concern. Turner (1986), Morafka (pers. comm.l,
Diemer (pers. comm.), Berry (pers. comm.), Dodd (pers. c o mm.), and others have reviewed the available
information and shown that various problems exist with differing degrees of seriousness.

All species are faced with competition from the effects of overgrazing and agricultural encroachment on
their range, habitat damage from off-road vehicles and the depredations of pet collecting. A wealth of information
shows that in many areas repeated sampling has tracked the decline in tortoise densities, the health of those

individuals remaining and my own analysis of population structure indicates that within 20 years most known
populations of agassizii will be extinct.
In long-lived species, when the problem becomes acute and the evidence is overwhelming, conservative
action and legislation is invariably too late, since by then the population is biased in age structure and too small
to recover. With Gopherus agassizii the Mojave and Sonoran desert populations, together with Nevada, should
be listed as threatened leaving Arizona until the evidence becomes unequivocal. The Beaver Dam population
should be upgraded to endangered although this will afford little more protection than given by its current listing
status.
Confrontational positions will not advance either the aims of the land conservationists or the land users.
Local listing will take the pressure off the species temporarily and give room for the political and economic climate

to change. Land managers, particularly those employed by the government, work under conflicting restraints;
but it is possible to manage land as a resource for all the people while leaving tortoise populations intact as has
been shown successfullyin France, Greece, Seychelles, Galapagos and elsewhere. Land managers should be
encouraged to take this view and accept the necessity for continuous research and monitoring. G o vernment
funds for such work should be sought and accepted when offered.
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ENVIRONMENTAL SEX DETERMINATION, MIGRATION, AND REGULATION IN THE
ALDABRAN GIANT TORTOISE
lan R. Swing)and i

INTRODUCTION
This is a preliminary report on current work on environmental sex determination and maternal nest site
choice in t o r t oises, p articularly th e g i ant t o r t oise, Ge ochelone gigantea. The i n t e r p lay b e t w e en t h e se
phenomena, egg size, and environmental influences on migration, reproductive output and population regulation
are discussed in outline, the full details will appear elsewhere (Swingland in press).
Environmental Sex Determination (ESD)
Amongst many species of lizards, turtles (Bull and Vogt 1981), tortoises (Pieau 1975) and crocodilians
(Ferguson and Joanen 19 82 , 1 9 8 3 ; W eb b and Smith 1 9 84 ; H u t to n 1 9 8 7), sex i s d e termined during the
development of the embryo by the incubation temperature of the nest in the middle third of the incubation period
(Bull 1983).
lt was proposed that labile sex determination is advantageous when environmental effects have different
consequences for males and females (Charnov and Bull 1977). They suggested that ESD is favored when young
enter a part of a patchy environment that has a lasting effect on its fitness (i.e., patches enhance or depress
male fitness relative to female fitness), when parents and offspring have little influence over which patch type
the offspring enters, and random mating between individuals from different patches occurs. Reptiles fulfil this
model insofar as they randomly mate between patches; however, contrary to the expectation that parents are
unable to match offspring sex with patch type (Bull 1983), there is some evidence from giant tortoises that this
may not be the case. M o r e over, as Bull (1983) has pointed out, the difficulty lies in knowing if incubation
temperature differentially affects male/female fitness, or, in other words, confirmation that warm temperatures
benefit females more than males in chelonians and males more than females in lizards and crocodilians (since
warm temperatures do give rise to females in turtles and males in lizards and crocodilians).
Evolution of ESD is predicted where there is parental choice of patch type (Adams, Greenwood and
Swingland 1990): it is advantageous over the more widespread genotypic form of sex determination when
variation in offspring fitness is influenced only by environmental effects on the mother, and differently between
daughters and sons (Trivers and Willard 1973). T his would allow mothers to control the sex of their offspring
in response to her condition. M aternal choice of nest site in reptiles is predicted to respond rapidly to sex ratio
selection in contrast to threshold temperature (Bulmer and Bull 1982).
Bull (1983) observed that, although the Charnov/Bull model (1977) has provided a satisfactory basis for
thinking about selection for environmental sex determination for so many other taxa (review Swingland et al.
in press), there is no evidence from field studies on reptiles that incubation temperature differentially affects male/
female fitness — that males benefit more than females from warm temperatures in lizards and alligators, and
f emales benefit m or e t h a n m a les i n t u r t les , Mo r e o ver, h e q u e stions w h y r e p t iles w it h g e n otypic s e x

determination have life histories so different from those with ESD that they selected against ESD.
Maternal choice of nest site, and the determining factors, are among the most important data needed
to investigate the various predictions regarding the evolution of ESD in reptiles and some unpublished data from
an intensive study on Aldabra does provide some preliminary insight into the nesting behavior of individual female
giant tortoises.
On one of the several isolated islands (Malabar) which form the Atoll the few available nesting areas are
small and discreet with very different temperature characteristics. I n tw o o f t h e few large nesting areas on
Malabar, most of the nearby females would nest several times during each year (Swingland and Coe 1979). One

of these areas (area B) was generally warmer than the other (area A) by 3 C (30 cm earth temperature).
Manipulation of the temperature characteristics of one of the areas (area A) induced individual females
to vary their nesting pattern. ( The temperature profile of the area was modified using 2 m high sunshades of
' Formerly Senior Research Fellow and Visiting Professor, Museum of Zoology and Department of Biology, University of
Michigan, Ann Arbor, Ml 48109, USA; Currently Founder and Research Director, The Durrell Institute of Conservation Ecology,
University of Kent, Canterbury, Kent CT2 7NX, U.K.
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In the warmer of the two areas (area B), so many females nested that many of the nests were excavated
by subsequent nesting visitors; by the end of each nesting season the same number of viable nests were left
intact (Swingland and Coe 1979). S i nce temperature rises during the incubatory period (Swingland and Coe
1978) later nests, which are more likely to survive intact, produced more daughters than sons.
Most mothers nested early and again later in the season, a greater proportion nesting earlier in the wetter
year of study than in the drier year, and females laid more clutches (Swingland and Coe 1978). Most individual
females returned to the same nesting areas within and between seasons (Table 1). It is possible that females
lay in the area in which they were born, which could result in temporary runaway selection for females.
Table 1. Visits to two nesting areas by individual nesting females on Malabar showing that more females nest
in the warm area than the cool area.
Number of nesting visits
by the same individuals

Area A

Cool

Within seasons
n females = 206
n nests = 371
1

Individuals
12
49
27

2
3

Area B
Warm

Individuals
65
44
9

Betw en s a s on
n females = 134
n nests = 303
64

81

'1975 and 1976 combined
Preliminary data suggests that females laying large eggs are selecting daughter-producing temperatures
and that there is selection for this behavior (Swingland in press). The evidence for this is that individuals nested

within the same temperature range on each occasion (i.e., warm or cool) which differed between individuals
(Table 2). Moreover the frequency of distribution of nests was not merely a reflection of the available nest sites
and their 24 h mean mid-clutch earth temperatures.
Larger females laid more large eggs than smaller females (unpubl. data) and tended to continue nesting
later, i.e., they were still laying when the temperature was higher — the female producing temperature (Swingland
and Coe 1978). Larger eggs give rise to larger hatchlings, which survive better than small hatchlings (Swingland

and Coe 1979), and ultimately become larger adults (Table 3); if large size increases female fitness more than
male fitness, selection should favor large eggs becoming females (of above average fitness) rather than males

(of average fitness). Indeed larger females lay more eggs annually than smaller females (> 25 kg - ca, 28 eggs
yr', < 20 kg - < 5 eggs yr' ) and reach sexual maturity more quickly (i.e., reach threshold body size, Swingland
and Stubbs 1986). T h ere is no evidence that large females die earlier than small females.
Table 2. Ma ternal nest site choice and nest site temperaturea on Malabar and Grande Terre. One hundred and
eighty-eight individuals (of 312 individuals observed) returned to nest at site of similar temperature characteristics
to their previous nest sites during 1975/1976.
N est site temperature ('C " )
< 29.0

6

29. 1-30.0
48

30.1-31.9
65

> 32.0
67

' 24 h mean temperature during the middle third of the incubation period, i.e., about 45 days June, 35 days July, 30 days
August, and 25 days September
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Table 3, Size of hatchlings when adult. Data from recaptured wild individuals, or from wild hatched but captive
reared.
n

Malabar wil d

captive

Mean egg
~mass

Mean hatchling

~mass

4

8 3.3 * 2 . 6

5 5x 2

3

72.0 a 2.4

40a7

10
4

87.0 + 1.2

60~3
38+ 1

68.3 2 2.3

Mean size as
~adult k
29.3 x 3.7
23.5 r 2.4
3 2.1 x4 . 0

23.4 x 5.7

Figures (s standard error)

A further study on a European species of tortoise (Testudo hermanni), which lay small unisexual nests,
tends to support the evidence from Aldabra that individual females choose a specific nesting temperature (Stubbs
et al. 1985; Stubbs and Swingland 1985; Swingland and Stubbs 1985).
Migration
Intraspecific differences in movement in animal populations have attracted increasing interest in recent
years as the spatial distribution and movement of particular individuals has profound ecological, as well as
evolutionary, ramifications (Baker 1978; Gauthreaux 1980; Swingland and Greenwood 1983) . O f p a rticular
i nterest are populations in w h ich some individuals migrate and some are sedentary (Sinclair 1983) . S u c h
d ifferences in m o v ement patterns are not a l w ays attributable to d i f ferences in, fo r e x a mple, age o r s e x
(Swingland 1983).
An example is the Aldabran giant tortoise, Geochelone gigantea, where up to 20% of the population in
the southeastern part of the Atoll migrate from inland areas to the coast during the rainy season each year while

the remainder stay inland (Swing(and and Lessells 1979, Gibson and Hamilton 1983). Coastal densities start
increasing between October and early December when the rains start, reaching a peak in January and declining
to March/April at the end of the rains. By May the coast is nearly deserted. At the beginning of the rains, the
principal inland food source ("tortoise turf" Grubb 1971) is dry and of no nutritional value, but during most of
the year the majority of the tortoises are to be found inland feeding on "tortoise turf," a highly nutritious and
complex association of annuals (grasses, sedges and herbs) that is probably genetically dwarfed by the grazing
pressures of the tortoises (Merton, Bourn and Hnatiuk 1976). Th e inland and coastal areas are separated by
a 4m high limestone ridge which is several hundred meters in width. T his ridge, although easily traversed by
the tortoises is pitted with substantial holes and almost devoid of food plants (except for the young which can
feed in the rock crevices) and shade. Migrants gain from the coastal vegetation (mainly a single-species grass
sward of Sporobolus virginicus, a perennial grass) which is immediately available at the beginning of the rains
in contrast to the annual "tortoise turf" found inland. The reproductive output of migrant females is higher than
those that remain inland although mortality is higher on the coast than inland due to a lack of shade. Tortoises
which are overexposed to the sun overheat and die (Swingland and Frazier 1980).
It is argued elsewhere (Swingland and Lessells 1979) that migrant and non-migrant individuals persist
in the population because they receive approximately equal pay-offs. Evidence was presented which showed
that migrants, especially females, risk a higher probability of death, but achieve a greater reproductive output
mediated by the higher food availability on the coast at a critical time for follicular development, while the nonmigrants have a lower reproductive output and a lower probability of death since shade is abundant. The costs
and benefits of migration will be frequency dependent, so the equilibrium ratio of migrants to non-migrants should
be stable.
Resighting frequencies of tortoises on the coast in different wet seasons suggest that migrant tortoises
go to the coast in a relatively high proportion of years and that there are some 'inland' tortoises that never go
to the coast (Swingland and Lessells loc. cit.), about 80% of the sample. W hat is especially interesting here
is that not only can we now confirm that individual giant tortoises tend to be faithful to a particular movement

type (migratory/non-migratory), but also show that migrants and non-migrants tend to have different carapace
shapes, thus shedding some light on the possible system determining individual movement patterns (Swingland,
North, Dennis and Parker 1989); migratory individuals are longer and narrower than those that are sedentary.
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We cannot say w h ether differences in carapace shape are genetic and correlated with m o vement
patterns, or environmental and the result of differences in movement pattern. Nevertheless, what is definitely
implied is that there are individual differences and that tortoises tend to do the same thing from year to year.
In the Galapagos, giant tortoise (Geochelone elephantopus) carapace shape is thought to be u nder
genetic control (Fritts 1984). On Aldabra the tortoises fall into two geographically and morphologically distinct

groups within one island (Grande Terre) and a further distinct group on another island (Malabar) (Gibson and
Hamilton 1 984; Dennis 1 985). Individuals within these sub-populational groups mostly stayed within their own
g roups (Dennis 19 85) and little mixing occurred. E n v i ronmental plasticity of t o r t oise shell shape is w e ll
documented in many species, but only within genetically determined limits.
There are four possible models which may explain the system controlling the determination of an
individual's movement type (Swingland 1983):
(i) mixed strategy within an individual (an individual mixed strategy)

(ii) mixed strategy within a population (a genetic polymorphism)
(iii) a conditional strategy (a genetic rule where the behavior is dependent on some
character, e.g., phenotype)
(iv) a learned movement pattern (from related or unrelated individuals)
This study eliminates the possibility of an individual mixed strategy (i) since it would be inconsistent with
carapace shape being c o rrelated w it h d i f f erent m o vement patterns. F u r t h ermore, although it h a s b e en
recognized as difficult to d i stinguish between an individual mixed strategy and a conditional strategy (see
Maynard Smith 1979 fo r criteria), there is evidence that fitnesses are negatively frequency-dependent (see
Swingland 1979 for data) which rules out the conditional strategy (iii) as a solution.
Young, immature animals appear inconsistent in their movement patterns which may be a function of
their immaturity (i.e., lack of local area knowledge and the fact that they are not reproducing) or of their small
size in not being able to successfully compete for shade at the coast. Although other work (Dennis 1985) shows
that the proportion of m i gratory tortoises in the immature age groups was high relative to th e m igratory
proportion in the adult groups, there was no evidence from the limited number of scute ring counts possible that
adult migrants were younger (or older) than non-migratory adults (Swingland and Lessells 1979), although such
counts are unreliable after nineteen years of age (Bourn and Coe 1978). I f the tortoises do learn to migrate,
then one might expect few very young tortoises to be migrators (Dennis 1985). Since this is not the case and
quite significant numbers of i m m ature animals migrate, the probability that learning is th e m echanism is
diminished.
It would appear that intraspecific differences in movement in giant tortoises on southeast Aldabra are
an example of either genetic polymorphism or, possibly, a learnt movement pattern.
Reproduction Output and Population Regulation
From previous work it is evident that population density, female body size (Table 4), and fluctuations
in food supply mediated by rainfall affect egg size, clutch size (Table 5) and the number of clutches per female

per year (Table 6, Swingland 1977).
CONCLUSION
Environmental sex determination and maternal nest site choice in tortoises are of critical importance in
understanding selection for this unusual sex determining mechanism. Where and when a female nests will have

an effect on the embryos rate of development and sex. The relationship between egg size and body size will
have an effect on individual female fecundity insofar as larger eggs become larger adults, and larger females can

produce more and bigger eggs. Small eggs produce small females which Iay fewer, smaller eggs. Should there
be a general relationship between egg size and female fitness, then there may be selection for matching egg size,
incubation temperature and offspring sex. Although females may increase fitness considerably by being large,
large males may not increase their fitness significantly since females store sperm, there is no evidence of large
males mating with the greatest number of females (Swingland and Stubbs 1985) and in some species male
tortoises are smaller than females.
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Table 4. M ean egg mass and body size in giant tortoises.
n
Geoche/one e/ephantopus:
darwini
porteri
vicina
chatamensis
ephi ppi um
hoodensis"
Geochelone gigantea:
Malabar
Pica rd
Grande Terre

~Em

a ~ss

n

67
14
35
16
44
124

157.2 a 21
135.3 x 10
117.0 x 17
119.1 a23
114.0 a 24
82.8 a 27

4 38

2 913
2 30
1008

8 7 . 1+ 0 . 9
75 5 x 0 4
78 . 52 0 . 6

867
1 14
1 13 20

26
45

Body size (kg)

Bod y s i z e (kg)
Male

~Fe mal

16 6 2 2 5

236

70 + 11

13
27

38 x 3
2 5 x 0 .6

64 x 9
57 + 1

7 1 a 11
56 a 3
42 x 4

948

4 7 %8

56

28 x 2

1234 1

19 a 2

" in captivity. All data ( a standard deviation) from MacFarland (pers. comm.), Swingland (unpubl.), Swingland and Coe 1978.

Table 5. C h a nges in egg mass, clutch size and total nests laid between years of differing rainfall (OctoberSeptember) on Malabar (7 tortoises/ha) and Grande Terre (27 tortoises/ha) (from Swing)and and Coe 1979).
n

19 7 5

1976

878
923

1205

%chan
e
~

Rainfall (mm):
Malabar
Grande Terre

1315

37'
43

Egg Mass (g):
9 0 .0 x 1 . 3

10»

993 7 0 .5 s 1.4

8 1.6 x 0 .7

16

Ma)aber

2 13 1 2 .8 s 0.7

14 .0 x 1 . 1

Grande Terre

206

Malabar

Grande Terre

2 860

8 1 . 8 a 0. 7

Clutch Size:
4 .3 a 0. 2

5 .3 x 0 .2

Number of nests that completed development:
Malabar* - main areas
84
84
- elsewhere
21
24
Grande Terre
77
129

9
23»

0
0
67

'Significant increase between 1975 and 1976 at p<0.01 (student t-test <95% confidence interval).
' There were few suitable nesting areas on Malabar, all of very small size, and females excavated each others' nests in the
few, larger areas when nesting themselves. More frequent visits were made to nesting areas in 1 976 than 1 975 by the same
individuals, and by some that had not been seen in 1975. The only inference is that more nests were made in 1976 than
1975, but the same number survived to full term.
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Table 6. Number of clutches per female per year deduced from ovarian examination (from Swingland and Coe
1 978).
1975
1976

2.0 a 0.6

Picard
(n =

8)

Mala bar
(n =

2.0 + 0.3

2 .4 2 0 . 7

0.30 s 0. 0 3

0 .87 a 0 . 4

29)

G r. Terre

Figures are a standard error.

Variation in egg size within females is apparent and although the mean egg size is greater in large females
than in small females, both sizes of females produce males and females during their lifetimes. The effects of
density on body size do not appear to influence primary or secondary sex ratios in Aldabran giant tortoises, but
do influence egg size and clutch size, and rainfall causes variation in these parameters.
The relationship between body s ize, growth, f e cundity, m o rtality and m i gration relate to l i fetime
reproductive success and the sex ratio of the hatchlings produced determine individual fitness.
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DESERT TORTOISE AND GILA MONSTER REINTRODUCTION ALONG THE CENTRAL
ARIZONA PROJECT: PRELIMINARY REPORT
Sheryl L. Barrett, Susan D. Harper and Jeffrey A. Humphrey
INTRODUCTION
Construction of the Central Arizona Project (CAP) aqueduct through the Picacho Mountains in Pinal
County, Arizona, began in summer 1984 and was completed by winter 1986. Descriptions of desert tortoise
(Gopherus agassizilj ho me range and habitat use in the Picacho Mountains (Vaughan 1984) w e re used to
determine barrier fence and crossing structure placement along the aqueduct. T h e barrier fence design was
based on tortoise- barrier interactions reported by Fusari (1981) to prevent animals from drowning in an open
aqueduct but encourage them to follow the fence to a crossing structure. The Picacho Mountain desert tortoise
reintroduction study w a s i n itiated to m o n itor to rtoise movements in r elation to t h e a q ueduct, document
mortality, and determine effectiveness of the barrier fence and crossing structures. In addition, Gila monsters
(Heloderma suspectum) were telemetered to monitor interactions with the aqueduct and its mitigation features.

METHODS
Twenty desert t o rtoises w ere salvaged prior t o a n d d u r ing aqueduct c o nstruction ( 1 9 84-1986).
Tortoises were salvaged through extensive searches prior to construction and later by rescue by construction
personnel when encountered within the right-of-way. Seventeen of these tortoises were adults and subadults,
three were hatchlings (MCL <5 0 m m) . S e ven Gila monsters were captured in disturbed areas along the CAP
a queduct in the Picacho Mountains from 27 April 1987 to 20 May 19 8 7 .
During construction, tortoises were left in temporary quarters in a Phoenix backyard where they were
provided with tiff green grass, mulberry trees (which provided shade and some forage), and water trays. Tortoise

diets were not supplemented with garden vegetables to allow the continuance of foraging. The holding area
also included a 183 x 101 x 40 cm cinder block structure which served as a den during temperature extremes,
All tortoises were examined 31 December 1986, and immediately prior to release (27 April 1987) by
James Jarchow, D.V.M. to determine health condition, diagnose contagious diseases, and treat as required.
Tortoises were marked using a coded system and by applying sequential numbers with epoxy to the
fourth vertebral scute. F o u rteen tortoises were equipped with radio transmitters. T r a nsmitter size varied
depending on MCL: tw o j u veniles (MCL < 1 4 0 m m ) received 3.2 x 2. 8 x 1 . 0 c m 2 1 . 5 g t r ansmitters; tw o
subadults (MCL < 180 mm) received 4.1 x 2.4 x 2.0 cm 42,5 g transmitters; and ten adults (MCL ) 180 mm )
were fitted with transmitters measuring 4.8 x 3.2 x 4.3 cm and weighing 58 g. T ransmitters were epoxied to

tortoises below the highest point of the carapace to avoid hindrance inside dens, anteriorly on females to avoid
interference with mating and posteriorly on males where they were more easily attached. Tortoises were located

using a portable receiver and hand-held directional antenna. Each tortoise was released within 60 m of the
capture site.
Cylindrical transmitters (length 6.1 cm diameter 2.3 cm weight 24 g) were surgically implanted into three
female Gila monsters. A l l a n i mals w ere released at t h eir capture site after snout-vent, tail, and w e ight
measurements were recorded.
Tortoise and Gila monster movement and behavior were intensely monitored for four days immediately

following release by members of an interagency release team. Team members included Arizona Game and Fish
Department, Bureau of Land Management, Fish and Wildlife Service, and Bureau of Reclamation personnel.
Animals were monitored weekly during spring, summer and autumn and monthly during winter inactivity.

Locations were plotted on 1:200 topographic maps using triangulation from known landmarks. Habitat
characteristics and animal behavior were noted at each location.
INITIAL RESULTS

Physical examinations conducted 31 December 1986 resulted in four tortoises showing signs of
intestinal flora changes and cloacal inflammation. B l ood w or k indicated high w h ite blood cell counts and
especially high heterophils. Cloacal smears showed substantial numbers of spirillum. Al l four tortoises were

treated with Trimethoprim and Sulfadazine. One of these four tortoises was in a catabolic state showing
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decreased muscle mass and coordination. It was isolated and treated at Dr. Jarchow's residence where it died
about three months later. Tw o of the three salvaged hatchling tortoises died (no necropsies were performed)
and the third is being held for growth observations.
Pre-release physical examinations were again conducted 27 A p ril 19 87 , E v i d ence of spirillum was
present in most animals and all tortoises were treated with Benzathine penicillin and Procaine penicillin prior to
their release.
As of 31 March 1988, one released tortoise had died and all three Gila monsters were in apparent good
health. The dead tortoise was found 1 October 1987 at the base of a 152 m cut slope and the barrier fence
(approximately 180 cm b e t w een the tw o) . T h e t o rtoise had been located one week previously and was in
apparent good health at that time. We assume that the tortoise became entrapped between the slope and the
fence and died from hyperthermia. A necropsy showed no sign of predation or trauma, eliminating a fall from
the cut slope as the cause of death.
We have observed tortoise-barrier fence encounters but have no evidence of any crossing-structure use.
Two days following release, a male tortoise (225 mm MCL) was observed pacing next to the barrier fence for
one hour. The tortoise walked south along the fence for approximately 30 m, then turned around and walked
the opposite direction (north) for 137 m. T h e tortoise was never more than one meter from the barrier fence.
The tortoise then moved down the dirt berm (2:1 slope, approximately 122 cm height) across an open disturbed
area, and up a nearby wash.
Upon release, an adult female tortoise (236 mm MCL) moved parallel to the canal in a disturbed area
below the canal berm. T his movement co ntinued for almost six hours, with the animal moving east 40 to 60
m, then turning and walking west. In all, this tortoise moved 350 m on the day of her release. Erratic movements
were noted for this tortoise the following four days. On 28 May 1987, this tortoise was observed in a den dug
under the barrier fence but did not enter the aqueduct right-of-way. The tortoise occupied the same den for seven
consecutive weeks. She was observed foraging along the barrier fence near the burrow and at the base of the
berm. On 20 July 1987, we found this tortoise on the opposite side of the aqueduct, apparently having crossed
through a 3-barrel culvert (183 cm diameter).
Another adult female tortoise (239 m m M CL) was observed interacting w ith th e 15 2 m c u t s l o pe

mentioned previously. On 15 May 1987 the tortoise was located on a narrow (152 cm wide) ledge approximately
15 m above the canal road, and five m below the top of the cut. This tortoise was located the previous week
107 m north of the cut slope. I t is assumed she walked across an open disturbed area and began to ascend
the slope by way of a dirt berm (1:1.5). Approximately 15 m up, the ledge merged with the berm, and the tortoise
veered onto the ledge instead of continuing up the slope to the natural vegetation. W hen located, the tortoise
appeared hyperthermic and near exhaustion, judging by the open mouth and extremely rapid movement back
and forth on the ledge. Temperature was 34 ' C . T h e frantic movements continued for 45 minutes, at which
time the tortoise located the only vegetation on the ledge, a 61 cm diameter brittlebush (Encelia farinosa). The
tortoise forced her way under the bush into the shade. She was checked eight hours later and found in normal
condition in a wash approximately 60 m south of the ledge location.
The other movement of interest was made by an older adult female (254 mm MCL). T his tortoise was
rescued from the canal right-of-way during construction but the exact location was not recorded. When released,
she was placed in a large wash with several caliche dens. Within 11 days, this animal had moved 198 m straightline distance west and climbed 311 m in elevation to a rocky ledge above the release site. The tortoise remained
at this location for the next three weeks, and was observed out occasionally, facing different directions. The
fourth week, this animal was found close to 1,311 m straight-line distance northeast of the ledge, on relatively
flat terrain next to a powerline road. For the next tw o m o nths, her movements were deliberate in the same
northeast direction, but not as rapid. A t p r esent, this tortoise is 2.4 km from the release site.
Two of the three Gila monsters equipped with radio transmitters have repeatedly passed back and forth
through the barrier fence. It appears easier for them to enter the aqueduct right-of-way, due to the cobble piled
up against the outside, than to exit . H o w e v er, the Gila monsters we have observed inside the fence have
eventually found a way back out, generally beneath a gate. One Gila monster was found on the opposite side
of the aqueduct from where it was released, presumably crossing the aqueduct through a culvert.

DISCUSSION
Preliminary results of this study provide information on health problems associated with captive
tortoises, aqueduct impacts to t o r toise movement patterns, and possible homing behavior. W e o b s erved
bacterial infections in most of the salvaged tortoises from the Picacho Mountains. A l t hough only one tortoise
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died during captivity, we have preliminary results from other tortoises salvaged in the Avra Valley north of Tucson
that show over 50 percent mortality. These results will be further analyzed next year. It appears, however, that
prior to release, it is important for all captive tortoises to be thoroughly examined by a veterinarian familiar with
reptilian diseases in wild populations.
Study results also indicate that the aqueduct features have directly affected movement patterns of four
out of the 14 radio telemetered tortoises. We suspect that impacts to these movement patterns may have longterm implications relating to social and ecological behaviors.
The deliberate movements of the adult tortoise in a single direction may indicate the necessity of returning
tortoises to their point of rescue. As reportedin Vaughan (1984}, mostchelonians are tied to a home range and
are able to relocate this home range through the use of celestial cues and geographical landmarks.
The radio telemetered Gila monsters have repeatedly passed back and forth through the barrier fence
and one has crossed the aqueduct. P reliminary data shows that the aqueduct will not pose a hazard to Gila
monsters.

CONCLUSIONS
We will complete this study in 1989 and present our final conclusions at that time.
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A MIXTURE OF VOLUNTEERS: COOPERATIVE EFFORTS TO PROTECT THE DESERT
TORTOISE IN CALIFORNIA
Dana Bell
In 1967 the American Motorcyclist Association formally sanctioned the Sports Committee District 37
to promote amateur off-road sporting events. District 37 encompasses all counties from San Luis Obispo south
to the northern boundaries of the San Diego and Imperial counties. Today the off-road division of District 37
has approximately 2,000 members and 34 clubs. District 37 clubs sponsor an average of 40 events yearly and
all but a few of these events are held on our public desert lands. Although District 37 was formed as a "sporting"
organization, land use decisions of government agencies have forced District 37 to become involved in political
issues. And in answer to environmental issues, District 37 has become increasingly involved in volunteer work
with the Bureau of Land Management and the Forest Service. The involvement has made the District a more
responsible recreation group and it has contributed a respectable amount of volunteer time.
In the Fall of 1987, the Ridgecrest Resource Area of the Bureau of Land Management notified District
37 that there would be a seasonal closure of the Fremont Valley from March 1, 1988 through September 1, 1988.
The Fremont Valley, running north from California City to Garlock and east from Highway 14, at Mojave, Highway
395, at Red Mountain, is a popular "play" area and event site for recreational vehicle groups. The purpose of
the Bureau's closure was to reduce concentrated use in the valley during the peak activity period of the desert
tortoises. A seasonal closure was acceptable to District 37 while a final plan for the valley was being formulated.
However, District 37 recognized that the final plan is likely to also include a seasonal closure and that if the
t ortoise population continued to decline, the valley would eventually be permanently closed. I n 1 9 80 , w i t h
publication of the Desert Plan, the BLM restricted competitive racing to the Johnson Valley north-east of Lucerne,
Stoddard Valley south-east of Barstow, the Spangler Hills south-east of Ridgecrest, Jawbone Canyon and the
Fremont Valley. To lose any of these lands would create serious overuse in the remaining areas. Rather than
accept a continuing decline in the tortoise population and further closures as inevitable, District 37 decided to
make an effort to correct adverse impacts on the tortoises.
Dana Bell, of District 37, worked with me, the BLM, and the Desert Tortoise Preserve Committee to plan
a volunteer project at the Desert Tortoise Natural Area. The project was to be a cooperative effort between the
Desert Tortoise Preserve Committee District 37, BLM, and other interest groups. Th e purpose of the project
was threefold: to c o mplete a project, to open communication between concerned groups, and to generate
p ublicity about the Desert Tortoise. The project was scheduled for the weekend of February 20-21, 1988 . B y
working with more than one organization, the work force was significantly increased. The project was planned
for two days, but with 58 eager, hardworking volunteers, all work was completed by the end of the first day.
The parking area was bordered with railroad ties and boulders, 250 tons of gravel had been spread, a 10x30
foot mining trench along the Natural Area's fence was filled, signs were posted, and the interpretive trail,
information kiosk, and one section along the western boundary fence were cleaned of litter. Working side by
side, whether picking up trash, raking gravel or shoveling dirt, it is difficult to maintain silence even when one
is an "off-roader" and one is an "environmentalist." S w e at, comments on the weather and comparing blisters
c reates camaraderie followed by a certain amount of respect for each other's blisters and commitment. T h at
respect may in turn allow each participant to be more willing to consider the concerns of others and to work
together on future projects.
Five organizations — Bureau of Land Management, the Desert Tortoise Preserve Committee, District 37,
CORVA (California Off-Road Vehicle Association), and th e I saak Walton League (a n ational sportsmen's
conservation association) — contributed to the Tortoise Preserve Project. E ac h organization advertised the
project internally. C O RVA NEWS (monthly circulation of 20,000), BLM NEWSBEAT, and the BAKERSFIELD
CALIFORNIAN (daily circulation of 82,000) provided statewide publicity on the project.
District 37 has taken on another major joint project during March w it h me and the Desert Tortoise
Preserve Committee. The project involves developing a leaflet on tortoises and distributing them from Ridgecrest
south to Palm Desert. The leaflets will be mailed to Chamber of Commerces and personally delivered by District
37 members to popular stops, such as gas stations and convenience stores, on major access routes through
the target area. The leaflet, delivered with a "Hands Off Partner" poster from the Department of Fish and Game,
invites desert visitors to observe our state reptile, suggests how to improve its chances of survival, and asks
that deliberate acts of harassment, killing, or collecting of tortoises be immediately reported to CALTIP or a local
sheriffs office. T h e c o sts of th e initial printing of 1 0 , 000 leaflets has been donated by off -road clubs and
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businesses. Here again the project will be more successful because of the mixed volunteer efforts: the Desert
Tortoise Preserve Committee provided technical information and illustrations, District 37 will provide the work
force and funding. Each group will be able to promote the material.
District 37 hopes that these efforts toward public education will be a successful alternative to closure
of the Fremont Valley as well as assisting in the protection of Desert Tortoise populations in California.
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CONSERVATION OF DESERT TORTOISES (GOPHERUS AGASSlZ/I): GENETICS AND
PROTECTION OF ISOLATED POPULATIONS
R. Bruce Bury, Todd C. Esque and Paul Stephen Corn

Abstract. The desert tortoise is a widespread, opportunistic species. G e ne flow
between populations is likely high because there are few n a t ural barriers for d ispersal
between populations. We are not convinced that there are deleterious effects of inbreeding
in tortoises because of their long generation times () 20 years), and relatively large home
ranges. T h e l i k elihood of l o cal extinction is p r edominately related t o h u m an-induced
mortality. Populations in the core of the tortoise's range are either larger or better situated
f or recolonization from adjacent demes than are peripheral populations. T h e r efore, w e
suggest that the greatest threats of extirpation are to peripheral populations because of their
possible isolation and small population sizes. T h e r e lease of n o n-native tortoises may
introduce disease or lead to competition with native tortoises for limited resources. Although

natural selection eventually eliminates maladapted genes from populations, the low
reproductive rate of tortoises makes outbreeding depression (crosses of wild and introduced
s tock) a potential threat to the long-term survival of peripheral tortoise populations, W e
suggest no release of captive tortoises into the wild and the removal of those released earlier.
INTRODUCTION
"Much of what we do to conserve chelonians today is based on what is practical and/or what seems logical.

ln truth there are few tried and proven methods for rebuilding depleted chelonian populations. Many of our
methods are used because they are traditional" (Moll 1987).
Decisions about tortoise conservation are often based on "proven" practices of wildlife management
(e.g., transplanting animals, artificial enhancement of wild stocks through releases). Although these techniques
have worked on many game species, there is little information on the best ways to manage nongame wildlife.
Nongame wildlife usually need different management approaches than game species, e.g., the desert tortoise
and most other chelonians are long-lived with low recruitment rates. Thus, a management decision today may
not be reflected in changes in tortoise populations for decades. Resource managers rarely can plan or wait for
such long-term results. H o w ever, biologists must learn to manage long-lived organisms such as the tortoise.
Our objectives are to address: 1) the genetics and isolation of desert tortoises in the northeastern part
of their range; 2) needed immediate and practical tactics to protect populations from genetic pollution; and 3)

importance of conservation measures for peripheral populations of tortoises.
Isolated or Peripheral Populations
There are several examples of naturally isolated tortoise populations. Tortoises occur on Tibur6n Island,
Sonora, Mexico, where they are separated from the mainland by about 5 km of ocean (Reyes-Osorio and Bury

1982). Other isolated tortoise populations are extensions from the core areas of the Mojave-Sonora-Sinaloan
Deserts. For example, the eastern-most range of the tortoise appears to be one or more small populations near

Safford in southeastern Arizona (see Parker, in press). The southern terminus of the range is in northern Sinaloa,
where tortoises occur in a few localities in thornscrub habitat (Fritts and Jennings, in press). We know little of
their status. Based on studies of electrophoretic patterns (Jennings 1985) and mitochondrial DNA (Lamb et al.

1989), these southern-most populations are distinct from all other desert tortoises.
Tortoises in the Mojave Desert in California, Nevada, Utah and the Arizona Strip appear to be separated
from those in the Sonoran Desert (Arizona and Mexico) by the Colorado River. The two groups differ in blood
proteins (Jennings 1985), mitochondrial DNA (Lamb et al. 1989) and shell morphology (Weinstein and Berry,
in press). To a lesser degree, there is differentiation between tortoises in the western and eastern Mojave Desert
in California (Rainboth et al. 1989).
The distribution of tortoises in the northeastern Mojave Desert (north and east of Las Vegas) generally

occurs below 4000 ft (1220 m) elevation (Fig. 1). There are fragmented populations in the Desert Dry Lake Valley
north of the Sheep Range, the Pahranagat Valley, the Tule Desert, and the Dixie Valley. Historical fragmentation
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Figure 1. Distribution of the desert tortoise in the northeastern Mojave Desert (adapted from Bury et al. in press). The
dashed line is the 1220 m (4000 ft) contour line. Question marks denote areas with inadequate data to define distribution
accurately.
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at the northern limit of the range may be due to a combination of geographic and climatic features. Woodbury
and Hardy (1948) considered the Beaver Dam Mountains a barrier to tortoise dispersal into the Dixie Valley (east
of the mountains). However, there are many records and reports of tortoises in the Dixie Valley (Van Denburgh

1922; Tanner 1927; Woodbury 1931; Coombs 1977; Beck and Coombs 1987; Esque et al. 1990).
Throughout most of the northeastern Mojave Desert, there are no obvious geographic barriers and no
a pparent disruptions in the distribution of t o rtoises (Bury et al., in press). H u ma n d isruption, such as t he
expansion of the Las Vegas-Henderson-Boulder City area, construction of Lake Mead, and paved roads and
interstate highways, w ill increase fragmentation of tortoises in the future. S e vere fragmentation of tortoise
habitat (see Dodd 1986) will result in smaller populations that become increasingly subject to negative effects

of perturbations, e.g., off-road vehicles or urbanization. These are especially severe for isolated or small
populations, which likely cannot stand much depletion of their already low numbers.
There is a need to reassess and adjust the levels of protection for tortoises in the fragmented populations

at the northern edge of the range. These populations have seldom been mentioned or considered important.
They need better surveys and i ncreased research studies as w ell as i m plementation of a c t ive p rotection
measures.
Conservation Biology of Small Populations
The discipline of conservation biology has many innovative means to protect and better understand
wildlife populations (see Soul() and Wilcox 1980; Souls 1986, 1987; Brussard, in press). Primary considerations
include maintaining genetic variation in populations, the minimum viable population size necessary for survival
in perpetuity, and the effects of population fragmentation on these factors. H e re, w e restrict our usage of
population to a local scale (the deme), following the definition of Mayr (1970) and Schonewald-Cox et al. (1983)

who consider a population as a breeding unit of individuals that are essentially mating at random. We view
populations as those individuals that potentially breed with one another, i.e., individuals in relatively close
proximity.

Tortoise populations may have low genetic variability at the periphery of their range, because they lack
few adjacent sources for exchange of different material. I n c reasing distance between core and peripheral
populations restricts gene flow, which may lead to inbreeding depression (Chesser 1983). However, it is difficult
to demonstrate such problems in the wild.
Peripheral populations may have a high probability of extinction from random events (MacArthur 1972;
Gilpin and Souls, 1986), especially if they are comprised of small populations. A m i n imum viable population
(MVP) is composed of the smallest number of individuals necessary to ensure the survival of a population for
a long time and, for most species, the minimum is at least 50 breeding adults. To avoid loss of genetic variability
due to inbreeding, however, a larger effective population size of 500 or more is desirable (Shaffer 1981; Frankel
1983; Reed et al. 1986; Brussard 1986). Presently, there is no estimate for the optimal size in desert tortoise
populations and w e d o n o t k n o w i f t e n o r m o r e representative populations are desirable for an e f f ective

conservation program. Although one population of 500 adult tortoises in a reserve might ensure the survival
of the species into perpetuity, this group would likely represent only a fraction of the genetic stocks.
There are at least four major groupings of tortoises in the western Mojave Desert, eastern Mojave Desert,
Sonoran Desert, and Sinaloan Desert. Thus, several regional MVPs () 500 breeding individuals) may be needed

to ensure survival of major stocks. Still, genetic variability in the species may not be guaranteed because there
likely are differences in populations within each region, which themselves occupy large tracts of land, e.g., the
western Mojave Desert.
We think it is premature to emphasis the required MVP and related questions until life history tables,
population parameters and genetic profiles are better developed for the different populations of desert tortoises.
Also, we need more information on the magnitude of genetic exchange between populations, the degree of
isolation in populations, and the breeding biology of the species.
Genetic Drift and Inbreeding Depression
Genetic drift is the random fluctuation of gene frequencies in small, isolated populations. In the absence
of immigration (gene flow) o r n a t ural selection, genetic drift leads to l oss o f h e t erozygosity. I n b r eeding
depression is the rapid loss of f itness associated with the loss of heterozygosity that results from matings
between close relatives. Inbreeding occurs most commonly in nature when a very small number of animals are

isolated from a larger population. We know of no examples of this situation occurring in tortoises. Loss of
heterozygosity from genetic drift occurs at the rate of 1 —: 2N. per generation (Lande and Barrowclough 1987).
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Most analyses of the dangers of loss of genetic variation emphasize the effective population size (N.), but the
key parameter for tortoises is the generation time. T o rtoises may require 15 to 21 years to become sexually
mature (Woodbury and Hardy 1948; Turner et al. 1987; Germano 1989) and then may remain reproductive for
over 20 years. Generation time, the interval between reproduction by parents and reproduction by offspring,

can be estimated as (age at maturity + age at last reproduction) —: 2 (Pianka 1974). Generation time for tortoises
may be at least 20 years. A p o p ulation of tortoises with an effective size of 50 and no gene flow, therefore,
loses 1% of its heterozygosity each generation. The amount of time needed for erosion of significant genetic
variation is several centuries.
Selection and migration are much more potent agents of genetic change than random drift (Falconer,
1960). Natural selection is not really a management tool, but even in the absence of selection, a relatively low
rate on one successful migrant every other generation is sufficient to overcome genetic drift (Slatkin, 1985).
In the absence of natural migration (e.g., a fenced highway with no crossings), low intensity management, such
as relocation of a few animals from a neighboring population every 10 years, could protect small populations
from loss of genetic variation.
Genetic drift in small populations may also affect fitness by restricting the ability of selection to improve
the "fit" b e t w een a po pulation and its environment (Gilpin and Soul s 1986), but t h ese consequences are

extremely slow to manifest themselves. Also, many species of amphibians and reptiles have low to no gene
exchange between populations (see Larson et al. 1984). For long-lived species like desert tortoises, the greatest
threats to small populations likely are from habitat alteration and environmental stochasticity (e.g., extreme

weather), and not from loss of genetic variability. Catastrophic mortality may be exacerbated by reduced carrying
capacity resulting from habitat alteration (Gilpin and Souls 1986). T h ere is not much that can be done about
the weather, but habitat alteration is in the control of land managers. Thus, we suggest that it is more important
to protect existing small populations rather than try to correct unknown problems from inbreeding or genetic
drift.
Outbreeding Depression
Populations of organisms are usually considered to be adapted to the unique local environment. Some

local adaptation may be traced to a single genetic locus, while others may result from a more complex genetic
environment, For example, industrial melanism in British moths may involve pleiotropic interactions among a
few genes, protection of chromosome segments from recombination, or the correct matching of entire sets of
chromosomes, and has been termed intrinsic coadaptation (Templeton 1986). Coadapted gene complexes are
most common when there are mechanisms, such as chromosome inversions, that restrict recombination, but
they may also arise in small, subdivided populations with low g ene flow ( T empleton 1986) . O u t b reeding
depression, the opposite of heterosis ("hybrid vigor"), occurs when coadapted gene complexes are disrupted

by the successful introduction of foreign genotypes into the population. Consequences can range from
temporary, relatively inconsequential lowered fitness of a few individuals to rapid extinction.
People have caught, moved and released individual tortoises into natural populations for years (this
activity is now discouraged). Earlier, a few government agency programs have purposefully introduced captive
stock into wild populations in California, Nevada, and Utah (Dodd 1986; Fusari et al. 1987). T his practice has

been mostly discontinued in California and Utah, partly because of high mortality in the released tortoises.
Outbreeding depression can affect ke y s u rvival characteristics and th e e f f ects ma y b e p r o found

(Templeton 1986). For example, tortoises on the Beaver Dam Slope, Utah, inhabit deep dens in winter,
presumably as an adaptive response to severe cold in this northern region (Woodbury and Hardy 1948; Coombs
1977). T his is unlike tortoise behavior in the western Mojave or Sonoran deserts, where tortoises occur in
shallower burrows or seek overhangs for winter cover. If denning behavior has a genetic basis, this advantage
could be lost in progeny from crosses between native and introduced tortoises. These "hybrid" tortoises might
survive a series of mild winters, but the inevitable environmental stochasticity (e.g., a severe winter once every
20 years) would be fatal to t hose tortoises not over-wintering in deep dens. T h i s w o uld not result in the
immediate extinction of the population because native tortoises likely would survive. But, the decrease in overall
numbers could tip the population into extinction (Gilpin and Souls 1986).
Although outbreeding depression can be a real danger, it is t ransitory (Templeton 1986) . N a t u ral
selection will act to eliminate poorly adapted individuals, and eventually new intrinsic coadaptation will arise.
That the new gene pool may be different than the original is not as important as the survival of the population.

However, we think that desert tortoises cannot afford to wait for selection to act. The long generation time and
the isolated nature of peripheral populations suggest that loss of fitness to outbreeding would be a serious
consequence.
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Even if introduced tortoises survive but do not breed with native tortoises (this is unlikely, because
tortoises in captivity have indiscriminate mating behavior), introduced individuals become direct competitors
to the native population because they occupy the same ecological niche. This is obviously undesirable if the
goal is to protect the native population.
We recognize that our worst-case scenario (loss of denning behavior) to outbreeding is hypothetical and
based on a number of untested assumptions of tortoise genetics. However, management practices should be
conservative when an action has potential negative effects on a population recognized as threatened with
extinction or even in healthy populations. We strongly suggest that introduction of non-native tortoises is not
a valid management tool. Captive tortoises probably seldom survive the rigors of desert life because of drastic

changes in diet, physiological stress, predators, and disease (especially pneumonia in captive tortoises).
However, if the introduced tortoises survive and breed, even for a few years, then outbreeding depression

becomes a real possibility.
Small Versus Large Populations
Is it wiser or more prudent to protect many small populations or a few large ones? Large populations
of tortoises currently attract most study and funding, e.g., the Desert Tortoise Reserve in California and other
major populations defined as " C rucial Areas" (see Berry 19 8 4) . T h e s e ma y b e m o r e able t o w i t h stand
disturbance than small populations, For example, Germano and Joyner (1988) described an increase in numbers
of tortoises in an area that had experienced a marked decline, possibly due to immigration from adjacent,
relatively large populations. Core populations of tortoises likely can endure perturbations more successfully
than peripheral ones because of their greater densities, greater total population size, and higher levels of genetic
heterozygosity.
We suggest that certain small or isolated populations warrant equal or greater priority for protective
measures than larger core areas because they are usually few in numbers and they can be easily lost. We can
ill afford to overlook small or isolated populations because these may contain important or unique genetic stocks.

We think that the most effective conservation program for the desert tortoise needs to include efforts
for both "Crucial Areas" and for isolated or peripheral populations. Series of protected habitat patches (islands)
with responsible range management practices in the intervening areas may be one means to ensure survival
of tortoises. This may replace debates for n o / little management" or "total protection" of vast tracts of land.
For example, Ross (1986) suggested alternative schemes for livestock grazing in areas with tortoises. Similar
plans need to be considered throughout the species' range.
CONCLUSIONS
To better understand the genetics and needs of wild tortoises, we recommend a strong but conservative
approach for their management and conservation, including:
1) No release of captive tortoises for the interim and removal of all "foreign" stock in areas where they
have been released;
2) F ull protection of a s eries of habitat patches (reserves) to ensure survival of small or isolated
populations, and for maintenance of genetic variation in peripheral populations;
3) Improved management of large-sized desert landscapes (often areas with large tortoise populations)
between the archipelago of habitat patches;
4) Research to determine the critical life history features (growth, longevity, survivorship, movements),
and breeding biology (age of sexual maturity, reproductive span, etc.) of the desert tortoise; and
5) Determination of genetics and ecotypes of the desert tortoise, particularly for isolated and peripheral

populations.
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RESULTS OF INVESITAGTION AT THREE DESERT TORTOISE STUDY PLOTS IN THE
SONORAN DESERT OF ARIZONA
Theodore E. Cordery, Jr., Elizabeth Wirt, Timothy Shields and A. Peter Woodman

Abstract. Three permanent tortoise Study plots were established and read in the

spring and summer of 1987. One plot was established in the Maricopa Mountains 50 km
s outh of P h oenix. A n o t h e r p lot w a s e s t ablished in th e A r r astra M o untains 15 0 k m
northwest of Phoenix, and a third plot was established in the Eagletail Mountains 115 km

west of Phoenix. The Maricopa and Arrastra plots were read for 60 person- days each, with
17 and 1 9 d ay s s p ent i n t h e s p ring and 4 3 a n d 4 1 d a y s s p ent i n l at e s u m mer-fall,
respectively. The tortoises were marked and 65 remains were collected at the Maricopa
site, while 18 tortoises were marked and 16 remains were collected at the Arrastra site.
Thirty-eight tortoises were marked on the Eagletail site and eight remains were collected
over 60 person-days. The population at the Maricopa site is thought to be much larger than
t he 57 marked tortoises would indicate, and may well number more than 58/km' (150/mi' ).
The Arrastra population is thought to be small primarily due to low n u m bers of
coversite habitat features on the plot and, secondarily, due to a mixture of man-caused
impacts on the plot. The Eagletail plot represented the best tortoise habitat in the Eagletail
mountains. Therefore, the densities throughout the mountain range are somewhat less than

1 5/km' (38/mi').
Tortoises at all three plots were mainly represented in the large (old) size classes
)2 1 4 m m M C L : 8 4 % , 6 1 % , a n d 7 9 % f o r t h e M a r icopas, Arrastras, and Eagletails,
respectively.
Spring censusing appeared, in this case, to gain little data for the Sonoran Desert
compared to censusing during the summer "rainy" season. Future Sonoran Desert Plots
are likely to be restricted to late summer to increase efficiency (tortoises marked/personday).
INTRODUCTION

The Bureau of Land Management has been obtaining desert tortoise data for public lands in Arizona since
1976. Few permanent study plots have been established on public lands in the Sonoran Desert part of the state.
ln an effort to more accurately delineate desert tortoise habitat quality and quantity, and to establish baselines

for habitat and population trends, three permanent study plots were established. These study plots were part
of a larger proposed system of plots which would represent the major habitats and populations in the Sonoran
Desert of Arizona. Contracts were let in 1986 and 1987 by the BLM to private contractors to perform the study
plot work. S p ecific study results are found in two reports: Shields and Woodman (1988), and Wirt (1988).
Site Descriptions
The Maricopa Mountains site, located 50 km (31 mi) south of Phoenix, consisted almost entirely of a
steep granitic mountain mass covered with large boulders, and supporting a rich Arizona Upland palo verdesaguaro plant community between 520 m and 820 m in elevation.
The Arrastra Mountains site, located 150 km (93 mi) northwest of Phoenix, was dominated by an eastwest running granitic ridge covered with many potential coversites on the north side of the plot. A large majority
of the plot was of low relief. Th e plant community of the site was decidedly mixed between the mixed cacti
and saguaros of the Sonoran Desert on south-facing slopes, junipers of the Great Basin, turpentine bush of the
Mohave Desert,and chaparral plants such as scrub oak, skunkbrush, and sugar sumac on north-facing slopes.
Elevations ranged between 910 m and 1090 m at this site.
The Eagletail site was located 115 km (71 mi) west of Phoenix in the midst of the east-west lying Eagletail
Mountains, which consist of igneous plugs and blocks rising out of relatively flat surroundings. The plot consists
of sharp ridges, cliffs, and steep, boulder-strewn bajadas drained by incised washes leading out to creosotedominated flatlands. Vegetation over much of the plot was quite sparse due to poor soil development, although
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some north-facing slopes and washes were richly represented by an Arizona Upland Sonoran Desert scrub plant
c ommunity. E levations on the plot ranged between 490 m and 690 m .
METHODS
Areas previously transected by Burge (1 979, 1 980) were analyzed for total sign and contiguity of habitat,
a variety of other management factors, and were visited by members of the Arizona interagency Desert Tortoise
Team to determine suitability as study sites. Once picked, the site corners were marked with metal fenceposts,
rebar, and angle iron. The corners were also marked on aerial photography which was kept with the monitoring
files. Study plot methods as described by Berry (1984) were followed with modifications to the California Desert
District Study Plot Contract Statements of Work for Fiscal Years 1986 and 1987. A few modifications in methods
occurred in these studies. Although the 2.59 km' (1 mi') study plots were gridded into 100 quadrats, individual
quadrats were not usually marked on the ground due to the incredibly rough terrain of all three sites. A e rial
photography and 7.5 minute topographic maps were used to assist in pinpointing all tortoise and tortoise sign
locations on each plot. A d d itionally, not all quadrats in a plot were searched with equal effort. A f ter the initial
search of a quadrat, it would not be researched unless sign or likely coversites had been found on the first pass.
This allowed for more concentration of effort on more promising quadrats made necessary by the exceeding
complexity of potential coversites on the plots. At the Eagletail plot, potential coversites were flagged and were
revisited in an effort to mark the suspected tortoise(s) using the sites. The coverage and amount of effort in each
quadrat was recorded by each contractor. The Maricopa and Arrastra plots were sampled in split seasons: 19
and 19 person-days during April and May, and 43 and 41 days respectively, during August, September, and
October. The Eagletail plot was sampled for 60 person-days during August and September.
RESULTS
Maricopa site - Five tortoises were captured in the spring and 52 were captured in the summer. Only
four tortoises were recaptured during the study. New tortoises were consistently found during the study until
temperatures began falling toward the conclusion of the field work in October. The sex ratio was 1.38:1 and
did not differ significantly from 1:1 (Chi-square, P > 0.1). Forty-eight (84%) of the 57 tortoises were larger than
214 mm Maximum Carapace Length (MCL). Tortoises or their sign occurred in 76 of the 100 quadrats searched.
Remains and shell sets of 65 tortoises were found at the Maricopa site. Forty-nine (78%) of 63 remains that
c ould be measured or estimated had MCLs greater than or equal to 208 mm .
Arrastra site - Three tortoises were captured in the spring and 15 were captured in the summer. Eight
were recaptured during the study. Due to the low numbers of captures, six quadrats were added to the western
side of the plot in October, where five of the total 18 tortoises were captured. Of the 106 quadrats sampled
d uring the study, only 2 7 h a rbored tortoises or their sign. T h e se x ratio of 0 . 6 7 : 1 w a s no t f o und t o b e
significantly different from 1:1 (Chi-square, P>0 . 1) . Eleven (61%) of the captured tortoises were larger than

214 mm MCL. Sixteen remains were found on the plot. Eight (73%) of the eleven remains that could be measured
o r estimated had MCLs greater than or equal to 208 mm .
Eagletail site - Thirty-eight tortoises were found in 109 encounters on the plot during this study which
occurred entirely in the summer. The sex ratio of 0.61:1 was not significantly different than 1:1 (Chi-square,

P >0.1). Thirty (79%) of the captured tortoises were larger than 208 mm MCL. Eight remains were found on
the plot. Five (62%) of the eight remains measured or were estimated to measure greater than 208 mm MCL.
Factors common to all three sites: Tortoises and their sign were found almost exclusively on boulderstrewn hillsides underlain by well-developed soil, often adjacent to small "benches" or ridgetops of slightly less
relief. Less often, tortoises were found using coversites in incised washes. Tortoises were least often found
on south-facing slopes except for the Arrastra site where elevation and plant community type favored use of
the south- facing slope. Tortoises at all three sites qualitatively exhibited a great amount of variability in shape
and shell anomalies when compared to other sites in the field workers' experience. At all three plots, sex ratios
were not significantly different t han 1 : 1 . A d d i t i onally, tortoise remains at each plot exhibited size class
structures similar to the live populations.
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DISCUSSION
Population levels - The population level at the Maricopa plot is thought to be much greater than the 57
tortoises that were marked in this study. The fieldworker feels that the plot population may be as high as 150.
Evidence for this is the small number of recaptures, consistency of finding new individuals in the study, the very
large coversite potential, and the high number of remains swept from the plot. T h e plot bears little evidence
of serious man or animal-caused impacts, and probably provides a good baseline with which to judge much of
the Maricopa Mountains tortoise habitat. The population of the Arrastra plot, however, is a marked contrast.
The low number of eighteen marked individuals probably indicates a population no greater than 25 in this area
of slightly greater than 2.59 k m' . Th e plot encompassed very few areas with high coversite potential, was
traversed by a county-maintained dirt road, and was frequented by wild burros and cattle. Additionally, the area,
upon close investigation, bore much evidence of past mining and mineral exploration activity. This situation may
not be typical of the greatest part of the Arrastra Mountain tortoise habitat, and will bear very close scrutiny
before it is used to represent trends in the Arrastras.
The Eagletail site bore dense pockets of tortoises among a generally sparse plot. This plot was known
to harbor more sign and coversite potential than other sites in the Eagletails; however, it had been chosen because
too few tortoise data were expected from the other sites to be useful for demographic measures and to indicate
future trends. The Eagletail plot may harbor 50-60 tortoises. However, the surrounding Eagletail tortoise habitat
probably harbor much less than 20/km', and probably much less than the 38 minimum known individuals on
the 2.59 km' plot. For example, the first proposed plot, adjacent to the chosen site, was abandoned after four
days of searching revealed almost no potential coversites.
Two sites, Maricopa and Arrastra, were censused in both spring and summer. S p ring censusing was
not efficient at either site, when compared to summer "monsoon season" censusing. The capture rate for the
Maricopas was 0.29 tortoises/person-day in spring vs. 1.2 tortoises/person-day in summer, while the rate for
the Arrastras was 0.16/person-day in spring vs. 0.37/person-day in summer.
F or comparison, the Eagletail site, sampled entirely in summer, yielded 0.7 tortoises/person-day. Du e
to these results and qualitative judgements by several members of the Arizona Interagency Desert Tortoise Team,
future study plots in the Sonoran Desert of Arizona are proposed for summer censusing only.
Data from these studies will be used to measure trend in habitat quality resulting from management of
the public lands they represent. T h e data will also be used to refine estimates of tortoise habitat values on
surrounding areas of public lands inhabited by the tortoise. Funding for these studies was provided by the Bureau
of Land Management through Contract AZ-950-PH7-0468 and Contract AZ-950-PH6-18.
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RECENT BUREAU OF LAND MAN A G E M E NT EFFORTS IN TORTOISE HABITAT
MA N A G E M E N T IN ARIZONA

Eugene A. Dahlem
Inventory and Monitoring
In the Phoenix District, three new one square mile monitoring plots were established in the last year. A
separate paper on this work is being presented at this Symposium, authored by Ted Cordery and others.
The Littlefield permanent plot in the Arizona Strip District was reestablished and read this past year. Tim
Duck will provide a detailed report on that work in this session.
The Safford District has begun to inventory the limited amount of tortoise habitat in the District. These
populations represent the eastern-most occurrence of the desert tortoise, and are found in some interesting
habitats and at high elevations. Bob Parker will present a report on this subject this session.

Lend Use Planning
The draft Resource Management Plan for the Phoenix Resource Area of the Phoenix District was released
for public comment last December. The preferred alternative of this plan would designate the Picacho Mountains
in south central Arizona as a Special Management Area (SMA) for the benefit of the desert tortoise. The SMA
designation recognizes that the area has resource values that w o uld benefit from some type of enhanced
management. T h e m a n agement goal for t his area is t o m a intain the existing desert tortoise population.

Inventories would be completed, and a management plan developed for the area.
This same RMP would, through ORV designations, limit vehicle travel in the Resource Area to existing
roads and trails, and would close some 12,000 acres to all ORV use. Tortoise habitat in the Picacho Mountains

SMA and in the Silverbell Mountains would receive protection under this designation.
The Arizona Strip District is currently preparing its Resource Management Plan, and the Geographical
Information System (GIS) is playing a large role in that effort. The District has entered its geographic desert
tortoise information into that system, making it available for use in planning, and for future management,
The Arizona Strip District has continued to implement the tortoise related provisions of the Virgin RiverPakoon Habitat Management Plan. An extensive historical file, which includes data from studies conducted on
the district as well as management related bibliographies, has been established. This file is continually maintained
and updated as new information if acquired. We consider this to be very important work, since it assures that

the knowledge acquired over the years will be available for future management work.
As part of the implementation of this same HMP, the Arizona Strip District is continuing to sign the roads
in tortoise habitat areas. The ORV designation on the area is limited to designated roads and trails. To enforce
this designation, the roads and trails must be marked. The District continues to perform clearances for ground
disturbing work in tortoise habitat. This helps assure that actions capable of direct impact on tortoises do not
have that impact.

Wilderness Planning
Under the proposed action of the draft Arizona Mohave Wilderness EIS, some 12,000 acres of important
tortoise habitat in the Sierra Estrella Mountains south of Phoenix would be protected by wilderness designation.
This same proposed action would protect probable habitat in five other WSAs north and west of Kingman; we
do not yet have data to say what populations and distribution are in that area, This data will be gathered under
a new initiative addressed later in this paper.
An unknown amount of low density tortoise habitat would be protected by wilderness designation under
the proposed action in the draft Yuma Wilderness EIS. Data on these habitat areas will also be gathered in the
near future.
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Land Exchanges
Several tracts of public land near Mesquite, Nevada, which were being considered for disposal through
exchange, were retained because they would mitigate the effects of expanding urban development on good
tortoise habitat. S everal hundred acres of tortoise habitat on the Beaver Dam Slope in Arizona were acquired
in thissame exchange.
Future Work
The Arizona Strip District helped fund the work by Dr. James Jarchow on tortoise mortality causes on
the Beaver Dam Slope. The results of that work will be used to plan more definitive studies in the future, studies
that will help us manage the tortoise habitat better.
An effort that i nvolved all four Arizona districts was the development of A r izona's implementation
strategy for the Bureau's rangewide desert tortoise habitat management plan. That plan, completed in 1987,
will guide the Bureau's desert tortoise habitat management work in the future. Each involved State is developing
a strategy to implement the plan. In Arizona, a work group made up of managers and biologists from each district
worked together to develop the content of the strategy. The involvement of management and biologists helps
assure that the strategy will be supported by everyone.
This strategy and the plan it is based on will guide our management of tortoise habitat in Arizona for the
foreseeable future. U n der it , w e w i l l c o mplete much needed inventory in the state, establish a system of
monitoring plots, categorize habitats, and most importantly, improve our management of those habitats.
Arizona's Fiscal Year 1988 budget contained $60,000 specifically earmarked for desert tortoise work.
Those funds are being put to good use. All four districts are involved in tortoise inventory, thus decreasing the
backlog of areas in need of inventory. Phoenix is establishing three additional square mile plots, and the Arizona
Strip is rereading their exclosure plot. A n i n teresting effort on the Strip will be the testing of a video camera
system for determining whether burrows are occupied. It is hoped that this instrument will allow more accurate
population estimates, and thus refinement of management. Results of this work w ill probably be reported at
a future Council symposium.
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ANALYSIS OF DESERT TORTOISE CARCASSES FROM THE ARIZONA STRIP,
1977-1987
Timothy Allen Duck and Charles Pregler
Abstract. Approximately 244 desert tortoise (Gopherus agassizii Cooper) shells have

been located by employees and contractors of the Arizona Strip District of the Bureau of Land
Management since 1978. Additions(ly, Burge (1979) reported 35 shells along transects, but no
m ention is made of c ollection, H o h man and Ohmart (1980) reported 112 shells from t w o
permanent study plots on the Beaver Dam Slopes. Of the 132 shells collected and stored by
the Bureau of Land Management, forty-eight were rendered unusable by damage to their data
cards or mixing with other shells.

Of the 84 tortoise carcasses available for examination, 26 were bone and scute
fragments which provided very little information. The remaining 58 shells were categorized
according to length, sex, and s uspected cause of death. Qualitative assessments of s hell
thicknesses were made.
Mortality factors included predation and scavenging (53%), gunshot wounds and other
traumatic injuries (19%), intraspecific competition, and unknown causes.
INTRODUCTION
T here are records of 279 tortoise carcasses or shells from the Arizona Strip from 1977 to 1987. M a ny
of these shells were collected and are available for examination, while others were left in place. T o r t oise
carcasses can provide valuable information regarding the physical condition of the tortoise prior to death and
insight into the cause of death. The location of tortoise shells can provide information on the mortality rates
of the various sizes of tortoise (Woodman and Berry 1984).
Records of Tortoise Shells from the Strip
Burge (1979) ran transects to determine tortoise distribution throughout Arizona, and on page nine of
her report she states that:
"Tortoise remains were listed in one of three categories indicating relative time of exposure or at least
degree of disarticulation. Shells (length) were measured and sexed if possible. Disarticulated bones were
named and age estimated as adult (greater than 214 mm), subadult (180-214 mm), large juvenile (100179 mm), small juvenile (less than 10 0 m m ) o r h a t chling. S i g n s o f i n j uries were described and
topographic location and microhabitat were noted."
lt is not stated whether she collected any shells, but she states that she did photograph them. Burge's
transect sheets contain the following records from the Arizona Strip:

Six adults, one subadult, and three large juvenile shells found on 6-21-78 on transects 91-93 in the
Exclosure at T42N, R15W, Section 34;
Six adults and three subadults, and one large juvenile shell in the Control or Littlefield plot at T41N, R15W,
Section 27, on 6-22-78;
Four adult and two large juvenile shells on transect 4115301 on 6-24-78 in T40N, R15W, Sections 30
and 31 ( = Virgin Slopes);

Four adult and one large juvenile shell on transect 3415292 on 6-25-78 in T34N, R15W, Sections 30
and 32 ( = Pakoon);
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Two adult and one large juvenile shell on transect 3415012 on 6-26-78 in T34N, R15W, Sections 1 and
2 ( = Pakoon);
One adult shell on transect 3514052 southeast of Olaf Knolls on 6-26-78 in T34N, R14W, Sections 5
and 6.
Hohman and Ohmart (1980) reported that they found 112 shells on the Arizona Beaver Dam Slopes,
"Shell measurements (carapace length, carapace width, shell depth, plastron length, gular length, gular width)
were taken when possible. Age class was determined from carapace length. A ls o noted was the sex of the
animal, evidence of predation, and estimated time since death. Many of the shells were photographed and left
in site to observe decomposition rate" (Hohman and Ohmart 1980).
They report that of the 55% which were adults, 31 were male and 28 were female tortoise. They also
state that 88% of the shells were dead less than five years prior to location. They continue by writing that 52%
of the shells they found showed evidence of predation. They do not comment on shell bone thickness. No effort
was made to examine any of the shells collected by Hohman and Ohmart.
Source of the Study Sample

Since 1978 BLM employees have collected 132 tortoise shells or parts of shells on the Arizona Strip.
The data from 48 of these shells has been excluded from this investigation. These 48 shells have been mixed,
lost or altered, or the cards containing their data have been lost, damaged, or destroyed. Humans, rodents, and
dermestid beetles have been the primary problems. Appendix A lists the 84 desert tortoise carcasses considered
by this study.
Carcass Examinations
Carcasses were examined on up to four occasions. The initial observations were made at the time of
collection of each carcass. Sheppard and Cole examined the shells they found from 1979 through 1982, while
the authors examined the shells found after 1986.
During August of 19 87, Dr. J. Jarchow and the authors reexamined most of the shells coincidentally
with an examination of shells from the Utah Beaver Dam Slope. Bone and soft tissue samples were taken for
analysis (Jarchow 19 8 7). D u ring October, 1987, Dr. K. Berry and the authors examined most of the shells in
R iverside, California, and estimated the time since death and the cause of death for many of the shells. S h e
estimated the M a x imum Carapace Length (MCL) of d i sarticulated shells from s c ut e m easurements using
regression equations (Berry, pers. comm.). A qualitative assessment of shell thickness and condition was also
made.
In November of 1987, 14 additional shells which had been found on the Arizona Strip by Sheppard and/
or Cole and stored in the Arizona Strip BLM warehouse were located by the authors. F ive of these 14 shells
were included in this study. The other nine did not meet the suitability criteria; specifically, no date or location
could be established due to the loss of data cards or the mixing of shells and cards.
From January 1987 through February 1988, the shells were again examined by the authors to complete
the analysis and construct a data base. At t his time shells were categorized based on the quality of evidence
available: estimated time since death; probable cause of death; and shell thickness.

RESULTS
Twenty-six of the 84 desert tortoise shell remains for which we had collection dates and locations were
old bone and/or scute fragments from which little or no information could be gathered. These 26 shells were
then removed from consideration for this paper. Most remains were shells or shell fragments; only a few long
bones and soft tissue were available. Thirty-one of the 58 remaining tortoise carcasses showed evidence of
having been preyed upon or scavenged (53%).
Eleven of the 58 showed signs of traumatic injury (19%). This category included individuals exhibiting
gunshot wounds. These ranged from pellet wounds through .22 caliber holes to one individual exhibiting a,44
caliber bullet wound. T h ese shells exhibited the conchoidal fractures described by Berry (1986), O n e shell
appeared to have been shot several times post-mortem. Evidence indicated that one male tortoise died from

exposure after becoming inverted, possibly by a male rival, while a female appears to have died during egg
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deposition. Thirteen of the 58 tortoise carcasses were relatively intact, yet still provided no evidence as to the

cause of death (22%).
The shells of ten of the 58 tortoise carcasses were considered to be abnormally thin (1 7%) . Two juvenile
shells exhibited scoliosis, curving of the spine. One individual was recovering from a crushing injury as evidenced
by the active growth plates and scar tissue.
Twenty-three of the 58 shells were classified as males (40%) and 13 as females (22%). For 22 shells
no sex assignation could be made. Of these 22, five were considered adults, while three were hatchling tortoise

found inside coyote scat.
No attempt was made to assess mortality rates on the two desert tortoise study plots on the Arizona
Beaver Dam Slope. C a rcasses were reported on these plots by Burge (1979), Hohman and Ohmart (1980),

Sheppard (data cards), Cole (data cards), and Duck and Snider (in press). However, some were left in place (to
observe decomposition rates), while others were removed. The possibility exists that some shells may have been
reported more than once. Fifteen shells have been found that show evidence of notching by researchers. None
of these were Utah-notched. One tortoise carcass had drill holes in the ninth left marginal, an indication that
it was a captive that had been released on the Beaver Dam Slope.
DISCUSSION
It is difficult to distinguish between tortoise preyed upon by mammals and those whose shells were
scavenged soon after death. Predation and trauma appear to be the primary mortality factors for Arizona Strip
tortoise.
This study is based on superficial examinations of tortoise carcasses that would not identify mortality
factors that do not leave physical traces. H o h man and Ohmart (1980) and Duck and Snider (in press) found
more male than female tortoise living on the Arizona Beaver Dam Slope. There are more male than female tortoise
carcasses in the records from the Strip, although this is not statistically different from 50/50 (at p = 0.05) due
to small sample size. Desert tortoise shells can provide valuable information about the health of toitoise, tortoise
mortality factors and rates. Inconsistent collection and curation protocols can diminish these values. All shells
should be collected according to an approved protocol and adequate storage provided. A n e ed exists for a
standard shell bone thickness measuring protocol so that shells from different areas could be compared.
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Appendix A.

D a tes andlocations of c o l l e c t i o n ,

s ex , s i z e , e s t i mated time since death 8 co l l e c t i on , p r obable

cause of death, and evidence of 84 desert tortoise carcasses examined in this study.
SHELL

LOCATION
MNH

MCL(mm) EST. TIME SINCE
ATH
L T

AR TWN HP RA

A

PROBABLE
F0 A

VID N

6-10 years

unable to determine bone and scutefragments

224

1 year

predation/scavenged fractures, chew marks

10

224

2-4 years

predation/scavenged chew marks, puncture wounds

16H

27

(240)

1 year

unable to determine some thinness

40N

16H

15

210

4-8 years

unable to determineno marks

82

41N

16H

09

82

41N

15H

09

82

41N

09

82

10

12

09

82

41N

15H

03

(252)

09

82

42N

16H

36

09

82

41N

16H

09

82

41N

09

82

09

(269)

more than 10 yr unable to determine bone and scutefragments

26

(229)

6-10 years

unable to determine bone and scute fragments

16H

22

211

2-4 years

unable to determinethin bones, no marks

41N

15W

23

(169)

6-10 years

unable to determinebone and scute fragments

82

41N

15H

31

244

4-8 years

predation/scavenged chew marks, crushed shell

09

82

40N

16H

14

4-8 years

predation/scavenged chew marks, th ic k bones

13

09

82

41N

16H

01

(212)

1 year

unable to determine no marks

14

09

82

41N

16H

26

209

2-4 years

trauma

impact fractures

15

12

81

38N

16H

02

190

2-4 years

trauma

gunshot wound/conchoidal

23

09

82

42N

15H

35

260

4-8 years

unable to determine very old/bone disease?

31

10

82

40N

15H

09

41

09

82

40N

16H

08

89
10

unabl to dtrmn unable to determine bone fragments
264

more than 10 yr trauma

gunshot wounds (post mortem'.)

A ppendix A

( c o n t ) . D a t e s and locati ons of c o l l e c t i o n , s ex , s i z e , e s t i mated time since death 8 co l l e c t i o n ,

probable cause of death, and evidence of84 desert tortoise carcasses examined in this study.
SHELL
K

MCL(mm) EST. TIME SINCE
T
T

LOCATION
YEARTHN

PROBABLE
AH

53

03

81

41N

14H

03

4-8 years

preda ti on/scavenged chew marks, fractures

55

09

82

41N

16H

01

6-10 years

unable todetermine single costal bone and scute

61

09

82

41N

15H

20

4-8 years

unable to determine no marks, postmortem fracture

64

09

82

41N

16H

14

65

09

82

41N

16H

01

67

10

82

41N

16H

68

09

82

42N

16H

36

69

09

82

41N

16H

70

09

82

41N

71

09

82

74

09

86-01

182

(116) 2-4 years

unable todetermine no in)uries or marks

223

1 year

predation/scavenged chew marks

248

6-10 years

unable todetermine none apparent

(267)

4-8 years

unable to determine bone and scute fragments

22

(197)

4-8 years

unable todetermine bone and scutefragments

16H

10

(246) more than 10 yr unable to determine bone and scute fragments

41N

16H

14

(198)

82

41N

16H

01

02

86

41N

15W 27

87-01 03

87

41N

15H

87-02

03

87

41N

87-03

03

87

87-04

03

87-05

03

6-10 years

unable to determine bone and scutefragments

2-4 years

trauma

208

1 year

predation/scavenged chew marks, fractures

27

099

1 year

predation/scavenged chew marks

15H

27

254

4-8 years

unable todetermine plastron only, no marks

41N

15H

27

87

41N

15H

27

87

41N

15H

27

(105) 2-4 years
122

2-4 years

.44 cal gunshot wound

unable todetermine bone fragments
predation/scavenged bite marks, scoliosis

more than 10 yr unable to determine bone and scute fragments

Appendix A (cont). Dates and locations of collection, sex, size, estimated time since death 8 collection,
probable cause of death, and evidence of 84desert tortoise carcasses examined in this study.
SHELL

HCL(mm) EST. TIHE SINCE
T

LOCATION
RA

PROBABLE

more than 10 yr unable todetermine bone and scutefragments

87-05

03

87

41N

15W

27

87-06

03

87

41N

15W 27

87-07

03

87

41N

15W 27

87-09 04

87

41N

15H

27

222

87-10

04

87

41N

15H

27

(235)

87-11

03

87

41N

15H

27

242

~ 87-12

04

87

41N

15W 27

more than 10 yr unable to determine unable to assess

87-13

04

87

41N

15H

4-8 years

unable to determine single scute

87-14

04

87

41N

15W 27

(250)

2-4 years

unable to determine disease, thin bones

87-15

04

87

41N

15H

27

(095)

2-4 years

predation/scavenged chew marks, ripped open

87-16

04

87

41N

15H

27

140

1 year

trauma

87-17

04

87

41N

15W 27

168

2-4 years

predation/scavenged punctures in scutes

87-18

04

87

41N

15W

27

216

2-4 years

predation/scavenged carapace opened, bite marks

87-19

04

87

41N

15W 27

208

2-4 years

predation/scavenged punctures, chew marks

87-20

04

87

15H

27

202

2-4 years

unable to determine no marks, postmortem cracks

87-21

04

87

41K

15W

27

6-10 years

unable to determine single bone and scute

87-22

04

87

41N

15W

27

more than 10 yr unable to determine bone and scute fragments

145

27

2-4 years

unable todetermine no marks

6-10 years

unable to determine single bone and scute

2-4 years

unable todetermine very thin bones

6-10 years

unable to determine bone and scutefragments

4-8 years

unable to determine no marks

impact in)ury, carapaceopen

A ppendix A (cont) .

D a t e sand locations of c o l l e c t i o n . s ex , s i z e , e s t i mated time since death 8 co l l e c t i on , p r obable

cause of death, and evidence of 84 deserttortoise carcasses examined in this study.
MCI (mm) EST. TIME SINCE
T
0

LOCATION
N HP

SHELL

A

PROBABLE
F

04

87

41N

15H

27

225

2-4 years

predation/scavenged chew marks, osteomylitus

87-24 04

87

41N

15H

27

(160)

1-2 years

unable to determine bone and scutefragments

87-25 04

87

41N

15H

27

109

2-4 years

predation/scavenged chew marks

87-26 04

87

41N

15H

27

217

1 year

=ed
predation/scavenged chew marks, plastron peel

87-27 04

87

41N

15H

27

129

4-8 years

predation/scavenged chew marks, holes

87-28

04

&7

41N

15H

27

217

1 year

predation/scavenged chew marks

87-29

04

&7

41N

15H

27

209

2-4 years

predation/scavenged chew marks, thin bones

87-30 04

87

41N

15H

27

045

2-4 years

predation/scavenged hatchling incoyote scat

87-31 04

87

41N

15H

27

100

2-4 years

predation/scavenged chew marks, ripped open

87-32 04

87

41N

15H

27

125

2-4 years

predation/scavenged chew marks, plast ron broken

87-33 04

87

41N

15H

27

260

more than 10 yr unable todetermine bone and scutefragments

87-34 04

87

41N

15H

27

198

1 year

trauma/gunshot

87-35 05

87

41N

15H

27

4-8 years

unable to determine bone and scutefragments

87-36 05

87

41N

15H

27

1 year

predation/scavenged chew marks, punctures

41N

15H

22

4-8 years

unable to determine no apparentinjuries

41N

15H

22

2-4 years

predation/scavenged hatchling scutes incoyote scat

87-23

87-38

05

87-39 05

87

124

wounds, fractures, some chew

Appendix A (cont).

Oates and locations of collection, sex, size, estimated time since death 8 collection, probable

cause of death, and evidence of 84 desert tortoisecarcasses examined in this study.
MCL,(mm) EST• TIME SINCE
A

LOCATION
TWN HPRAN

SHELL
M NTH

PROBABLE
A

2-4 years

predation/scavenged crushed, chew marks

224

2-4 years

trauma

fractures,some chew marks

34

241

1 year

trauma

gunshot wounds, some postmortem

15W

22

227

1 day

exposure/inverted

inverted by r i v a l

41N

15H

27

068

1 year

predation/scavenged chew marks, crushed

87

41N

15W

27

231

3 months

eggbound

08

87

42N

15H

34

281

6-10 years

unable to determine bone and scutefragments

~~ 87-48 08

87

42N

15W

34

211

2-4 years

trauma/injury

87-49 08

87

42N

15H

34

251

2-4 years

predation/scavenged chew marks, crushed

87-50 08

87

42N

15H

34

177

2-4 years

predation/scavenged chew marks, fr a c t u r es

87-51 08

87

41N

15W

22

197

1 year

predation/scavenged chew marks, fractures

87-52 08

87

41N

15H

26

209

1 year

trauma

impact fracture

87-53 08

87

42N

15W

34

267

2-4 years

trauma / gunshot

pellet wounds

87-54 08

87

42N

15H

34

207

2-4 years

predation/scavenged chew marks, punctures

87-55

10

87

42N

15H

34

197

2-4 years

predation/scavenged chew marks, large punctures

87-56 08

87

42N

15H

6-10 years

unable to determine bone fragments

87-57 04

87

41N

15W

2-4 years

predation/scavenged bones and scutes in coyote scat

87-40 05

87

41N

15H

28

87-41 05

87

41N

15W

28

87-42 07

87

42N

15W

87-43

07

87

41N

87-44

07

87

87-45

07

87-47

22

male

fractured femurs,eggs inside

carapace missing

ANALYSIS OF A DESERT TORTOISE POPULATION AND HABITAT ON THE BEAVER DAIVI
SLOPE, ARIZONA: PART 1, SITE 44, LITTLEFIELD
Timothy Allen Duck and John R. Snider
Abstract. During spring of 1988 investigators spent 522 person hours searching
for live desert tortoise (Gopherus agassiziil, tortoise shells, and coversites on the 1 mi'
Littlefield study plot on the Arizona Beaver Dam Slope. This plot is nearly identical to the
Control of Hohman and Ohmart (1978).
Forty-nine desert tortoise were observed within the 1 m i ' a r ea. Hohman and
Ohmart used mark/recapture methods to estimate population densities between 57 and
60 tortoise per mi'. T h is study found a 62:38 male:female ratio in the adult population,
which comprised 53% of the total population.
Of 40 shell sites found, 27 were complete or nearly complete shells; six of the 27
complete shells were female, eight were male, the remainder hatchling through subadult.
Eight of the 27 complete shells showed evidence of notching. Seventy-one percent of the
adult, and 7 7 '%%d of the hatchling through subadult carcasses appeared to h ave been
scavenged or preyed upon. S h ells showed varying degrees of thinness.
Anomalies and injuries were recorded, as was vegetation composition, weather,
human activities, and other wildlife species activities. Coversites were examined and 322
were found to be in good or active condition. The majority of coversites were not found
in wash banks, but were dug at an angle into a horizontal surface, usually under or near
creosote bushes (Larrea tridentata).
A vegetation t ransect indicated that c r eosote and w h it e b u r sage (Am brosia
dumosa) we re the d o m inant shrub species, wh ile exotic annuals such as r ed b r o me
(Bromus rubens) and plantain (Plantagoinsularis) were the most numerous annuals. Big
galleta (Hilaria rigida) and Indian rice grass were the most common perennial grasses.
INTRODUCTION
Hohman and Ohmart (1980) surveyed the Beaver Dam Slope in Arizona with 66 transects (each two miles
long) that indicated the highest desert tortoise (Gopherus agassizl'I) densities on the Arizona slopes occurred in
an area that they named the "Control." T hey examined the tortoise population and habitat on the "Control" in
1977 and 1978. T his one mi' site consists of T41N, R15W, Section 27 and parts of Sections 26, 33, and 34.
We were unable to locate enough boundary markers to recreate their study area exactly.
This is the second census of desert tortoise on the Arizona Beaver Dam Slope, and is an attempt to
establish trend for the past nine years. Section 27, the "Littlefield" plot, was chosen as the focus of this study,
and is nearly identical to Hohman and Ohmart (1980) "Control" plot.
METHODS
We used the monumented corners of section 27 as the corners of our study plot (Fig. 1). This provided
the benefit of having our corners officially monumented, making them more likely to survive until the next study.
The section was surveyed using an electronic distance-measuring device, and a 10 x 10 grid was placed across
it. Each grid ( = Quad) measures 528 ft on a side. Each Quad corner was marked with a wooden lathe, 16"

rebar, and a rock cairn. Section 27 contains 641.2 acres.
We relied heavily on the protocols described by Bury and Luckenbach (1977), and Berry ( 1985). F i v e
hundred twenty-two person-hours were spent searching for tortoise and tortoise shells from March 24 to June
12, 1987. Neither author had conducted a one mi* study of this type. A map of each Quad was made showing
all densites, predator sign concentration areas, washes, roads, disturbed areas, fenceposts, live tortoises, and
shells.

Tortoise marked by earlier workers were examined, photographed and the notches improved where
necessary. 1 9 8 7 m easurements and locations were compared with previous findings.
The Arizona and Utah Beaver Dam Slope populations are actually one. To reduce confusion, we adopted

the Utah notch code for new tortoises (Fig. 2), and have identified previously notched Arizona Strip tortoise with
81

LITTLEFIELD STUDY PLOT LOCATION

/

/

/

Sr Geor g e

@nag

/

~

GIY j

KA I BAB
~F r e d o nia

TAJj

ARIZONA
r

INDI AN

HIIHIICIH

RES

J
.Q/ I

1

Lo~
N

ARlZONA STRIP DISTRICT
'q KAIBAB NATIONAL FOREST L
}/

IE
\

r

)
IJ

GRAIN> CANYON NATIONAL PARK

}r

0„

l0
S CALE

Po
Ik

30

I

•0

Q iLE S

4 R I Zo h A

FIG. I
LITTLEFIELD STUDY PLOT LOCATION

Figure 1. Littlefieid Study Plot iocatjor3.

• !'

10
20
4

400

200

70
700

100

Figure 2. N o tch code used during 1987 on the Littlefield Study Plot.
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an H or S prefix (i.e., H065). Tortoise frequently have 10 or 12 marginal scutes on one or both sides. Wherever
possible a number was assigned to such a tortoise that did not require notching the anomalous side. Notes were
taken on th e a ctivities of o t her species, particularly avian predators. N a t i onal Oceanic and A t m ospheric
Administration provided weather records from Beaver Dam, Arizona.
Information gathered on live tortoise, tortoise shells, and coversites was stored on an IBM PC, The BLM
Geographic Information System (GIS) provided computer-aided mapping. C o o rdinates of features such as
political boundaries, rivers, roads, fences, etc. were digitized and stored. A n a lysis provided by the system

includes lengths of features andamount of area or overlap of areas. We have digitized the study plot boundary
and all transects that have been run in the plot. Information was collected on the vegetation on the site using
the methods decribed by Rowlands (1978).

RESULTS
The plot ranges in elevation from 1,900 ft in the southeast corner to 2,100 ft in the northwest corner,
and is divided by Castle Cliff Wash. Th e plot is less than 1 mi north of the Virgin River and l-15, and 1/2 mi
east of Highway 91. Beaver Dam and Littlefield are small unincorporated communities within 3 mi of the plot.
A landfill used by the residents of these communities exists on BLM land approximately 400 m southwest of
the plot.
Two dirt roads which lead from Highway 91 to the Beaver Dam Mountains pass through the plot. BLM
signs stating that travel in the area is limited to existing roads and trails are placed where these roads leave
Highway 91. Mining claim stakes, survey monuments, rain gauges, vegetation trend plot markers, and old fence
posts stand on the plot. T h ere are no permanent buildings or structures on or near the study plot.
Precipitation has averaged 7.8 in. per year since 1956 at Beaver Dam, all in the form of rain (National
Climatic Data Center records). March is the wettest month, while April, May, and September are normally the
driest. Table 1 shows the mean monthly precipitation. Average temperatures ('F) range from a mean daily low
of 30.2 F i n December to a mean daily high of 107. 6 F i n J u ly. T a ble 2 shows monthly mean temperature.
Table 1. Mean monthly precipitation (inches) at Beaver Dam, Arizona.
Jan

Feb

M ar

A
~r

~M a

J un

Ju l

Au
~

~Se

Oct

Nov

De c

Y ear

0 .83

0.82

1.15

0 .39

0.42

0 .53

0 .54

0 .60

0.4 1

0.69

0 .84

0.59

7 .8 1

~Se

Oct

Nov

Dec

9 6 .2
5 9 .6

82 .0
50 . 8

6 8 .9
3 8 .7

5 9 .9
3 0 .2

Table 2. Mean max/min daily temperatures ('F) at Beaver Dam, Arizona.

M AX
M IN

Jan

Feb

Mar

6 0 .0
3 4 .0

6 4 .4
3 7 .3

70 .2
3 8 .5

~A r

~Ma

Jun

Jul

8 0 .9
4 5 .8

8 6 .8
5 5 .5

10 0 .0 1 0 7 . 6 1 0 1 . 0
60 .0 7 0 . 5
68. 1

Au
~

The soils average less than 2 ft in depth and are underlain by a calcium carbonate layer that is impermeable
to water. There is a general southeasterly aspect which slopes at 2 to 5%. The vegetation on the plot is Mohave
desertscrub (Brown and Lowe 1980); the most common shrubs are creosote bush (Larrea tridentata) and white
bursage (Ambrosia dumosa). Common annuals in 1987 were plantain (Plantagoinsularis), red brome (Bromus
rubens), and schismus (Schismus sp). Conspicuous by their absence are Joshua trees, which occur within one
mile to the north, east and west of the plot.
There are four slightly different habitats in the study plot: sandy flat (Type 1); major wash more than

20 ft wide and 10 ft deep, (Type 2); shallow wash (Type 3); and disturbed (Type 4).
There are four major washes that have steep banks and vegetation different than the surrounding area.
All become steeper in the southern part of the plot, and dominate the SE 1/4. These washes are the most diverse
areas. Creosote, Mormon tea (Ephedra nevadensis), and bursage occupy the wash banks, with burro-bush
(Hymenoc/ea salsola), range ratany (Krameria parvifolia), and desert almond (Prunus fasciculata) along the wash

bottoms.
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The disturbed habitat consists of the two roads and most of the SW 1/4 of the section. T w o , t h ree,
and four-wheeled vehicles have been used recreationally here. Turn-around areas exist on both sides of the
southwest road.
The NE 1/4 consists of large areas of sand with creosote and perennial grasses, primarily big galleta and
indian rice grass.
Shallow washes occur throughout the study plot, but dominate the NW 1/4. The NW 1/4 was randomly
selected as the vegetation belt transect. Only two perennial species, creosote and bursage, were recorded on
the belt transect (Tables 3 and 4). N o perennial grasses were encountered on this transect. T h ese are more
numerous along wash banks and in the sandy NE 1/4. No cacti were found along this transect, although some
are scatterred across the plot.

Table 3. Vegetation transect for perennial plant species. Density is the number of plants x 50. Relative Density
is the density of species divided by density of all species. Volume is defined as () (Dmin/2) (Dmax/2) (Height) where

Dmin is the minor diameter and Dmax is the major diameter of the canopy in centimeters. The values are averaged
for each species to give Mean Volume Per Plant (cm'). Th e values are added for each species and multiplied
by 50 to yield volume in cubic centimeters/hectare). Relative Volume is the volume of each species divided by
volume of all species. Frequency is the number of 2 x 2 meter quadrats each species is found in divided by the
number of quadrats (50), expressed as percentage. Relative Freqencey is the frequency of species divided by
frequency of all species. Latr = La r rea tridentata,Amdu = Am b r o sia dumosa

P lant
s p.

D e n sity
No ./H a

Relative
Density

Mean Vol
Per Plant

Volume

Relative
Volume

Freq.

cm'/Ha

R e l a t ive
Freq.

A mdu 2 4 0 0
Latr
850

73.8%

138,000
1,478,000

3.27x10'

22.8

0 .46

0 .575

11.1 x10 8

77.2

0 .34

0 .4 2 5

T otal

100%

26.2%

325 0

1.00

100%

Table 4. Vegetation transect for annual plant species. Cover is the estimated cover in cm'/m' for each species.

Relative Cover is the cover of each species divided by total cover of all species combined. Biomass is the dry
weight for each species in kg/ha. R e l ative Biomass is the biomass of each species divided by biomass of all
species combined. Frequency is the number of 20 x 50 cm quadrats that each species is found in divided by

25. Relative Frequency is the frequency of each species divided by frequency of all species combined. Plin
Plantagoinsularis, Brru = 8r o m us rubens, Scar = Schismus arabicus and Schismus barbatus, Erci
cicutarium, and Erin = Eriogonumin f l atum.

Plant
sp.

Cover
(cm/sq.m)

Relative
Cover

Biomass
(Kg/ha)

Relative
Biomass

Plin
Brru
Scar
Erci
Erin

36.3

45.0

82.7

39.0

24.0
15.9
2.4
2.1

29.7
19.7

3.0

76.3
40.3
6.6

2.6

6.2

36.0
19,0
3.1
2.9

Total

80.7

100%

212.1

100%
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Frequency
96.0
88.0

=

Relative
Freq.

31.6

78.0
24.0
18.0

28.9
25. 7
7.9
5.9

304.0

1.00

=

Erodium

Desert Tortoise Shell Remains
Forty shell sites were found on the study plot. Of these, seven sites were determined to be more than
ten years old, pre-dating the previous study (Hohman and Ohmart 1980). These seven sites were old, weathered
bones and scutes that provided little information about the tortoise or cause of death, and no further mention
will be made of them. T w o s hell sites (86-06 and 86-08) we determined to be the scattered remains of one
tortoise, and these will be treated as one shell.
Of the 32 shells less than ten years old, 27 were complete or nearly complete shells; the other five shell
sites were partial remains such as bone or scute fragments. Six of these shells were female, eight were male,
and 13 were hatchling through subadult. Four of the six shell fragments were classified as subadult or smaller,
the others were unidentifiable regarding age and sex. Of the 14 adult carcasses, three females and five males
showed signs of notching (equals 57% of adult shells). N one of the smaller tortoise shells had evidence of
notching.
Five female and five male carcasses (71% of adults) appeared to have been preyed upon by mammals
(coyote, kit fox, dog) or scavenged. The other 4 adult shells showed no signs of predation or scavenging. It
is difficult to distinguish between predated tortoise and individuals scavenged immediately after death. Ten of
the 13 complete hatchling to subadult shells appeared to have been scavenged or predated (77%). One shell
in the subadult class appeared to have been injured by something other than a predator; there were no apparent
injuries on the remaining two shells.
Six other nearly complete shells were found within 100 yards of the plot. Some tortoise shell remains
found on and near the plot showed signs of bone thinning, osteoporosis, and scoliosis. Analysis of shell bone
composition Jarchow (1987) indicated low levels of calcium and phosphorus in three tortoise shells from the
Littlefield plot which exhibited carapacial bone thinning as compared to his control group.
Live Tortoise

Forty-nine tortoise were found within the 1 mi' study area (Table 5). There is a 63:37 male:female ratio
for adults. Twenty-six of 49 individuals found on the plot were adults (53'%%d).
Growth rates were calculated for recaptured tortoises that were marked by Hohman and Ohmart {1980)

and Sheppard (1980) (Table 6), The growth figures in Table 6 are derived from measurements taken 6-10 years
apart. Small tortoise may add more than 10 mm to their MCL annually while adult tortoise add as little as 0.3
mm per year.
Health

Scute anomalies were observed on 11 of the 49 tortoise (22.4'%%d),none of which were serious or
debilitating (Table 7). T h ese results are similar to those found in other studies (Hohman and Ohmart 1980).
Twenty-one of the 49 tortoise (43%) had external injuries (Table 8). Three of these 21 {6%) had serious
wounds to their shell. Two of these were large impacts on the carapace that appear to have been from blows.
The third serious injury was a flattened and broken caudal carapace which appeared to be healing.

The remainder of the injuries are chips and chew marks on the marginals and plastron. No soft tissue injuries
were noted during our study. One male adult tortoise we found had nasal discharge. Four adult tortoise (numbers
S153, 0227, 0229, 0237) had thin shells in relation to other tortoises of their size. Jarchow (1987) postulated
that thin shelled tortoise may have low levels of calcium as a result of malnutrition.
Coversites
Information was gathered on 685 dens and burrows within the study area. Table 9 lists the number of

coversites in each condition class (Active, Good, Poor, Collapsed, Used by Another Species). Table 9 shows
the number of coversites by aspect. T w e n ty-three percent of dens and burrows are located on wash banks,
while 77% are dug at an angle into a horizontal surface. Perennial plants were integral parts of 52.4%%d of the
coversites.
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Table 5. Size, sex and weight (g) of tortoises located on the Littlefield Study Plot in 1987. D a tes (month/day)
and locations (quad, see text) for the initial 1987 capture, and MCL is the minimum carapace length (mm).
MCL

58
67
78
79
97
99
100
103
105
106
112
117
145
147
150
161
172
178
181
190

0233
0202
0206

Sex
?

Date

?

4/13
4/9
4/9
4/23
4/1 0

0205
0214

?

0004
0243

?

0412
0211

?
?

0232
0242
0221
0230
0238
0244
0228
0252

0220
0213
S076

?

??
?
?

5/7

6/2
5/20
4/20
5/7
6/2
4/28
5/6
5/14

6/3

Quad
95
47
32
42
76

~Wei ni

50
75
200
200
200

39
28
33

200
200

65
61
70
70
99
52
18
52

350

225
550
275

350
550
?

650

5/20
4/1 6

57
37
77

5/1 8

38

5/1 8
5/14

48

99

925
1000
1100
1115
1400
1450
1300
1600

4/13

49

1900

06
48

1750
2600

5/4
5/1 5

5/29

09

202

0210

206
207
211
214
219

0241

H037

5/1 5
4/1 3

220

0222

4/29

82

2000

221
222
224
225

H065

4/23

S156
H069

5/7
6/2

56
85

1900
1900

73

2050

0224

4/30

228

0770

4/6

229
231
238
242
243
243
244

S155
H007
H042

2000
2200
1950

250

H048

252
253
254
254

0239

5/7
4/29
4/1 5
4/7
4/1 6
4/23
4/23
5/1 2
5/1 8
5/13

69
31
85
71
53

270
270

272
275
278

M
FF
M

0236
0207
S099

S108
0203
0219

H006
M
F

H039

H032
0209
H068
0234
0201

4/20

M

0225
S131

M

74
74

2700
3400
3700
2650
2450
2850
2950
2850
2900
2950

85

3100

87
40

3350

35
55
34
34
19
58

96

4/1 7
5/7
5/8
4/1 4

4/30

59

4/22

99

87

2200

3350
2850
3600

Table 6. G r o wt h of desert tortoises recaptured in 1987 on the Littlefield Plot which were marked in previous

years.
No.

S ex

Orig .
Capture

1987
D ate

I n t e rval
Y e ars

Orig
MCL

Orig
WT

19 8 7
M CL

19 8 7
WT

(mm) (g)
H065

8-10-78

S076

9-1 2-78

H037

M
F

S156
H007
S099
H006
H054
H048

H069
S155
S153
H042
S108
S115
H039
H032
S131
H068

M
F

8.7

Mean
Annual

MCL

114
145
153
165

3 00
N/A
7 50
N/A

22 1
19 0
2 19
222

1900
1400

12.3

181
183
208

N/A

23 1

2200

5.05

183.9
N/A
205.5
N/A
N/A

2600

7.33
11.4

1 260
N/S
1 700
2 050

214
244
2 32
25 0

1750
2450

4.43

70.0

3.64
2.13

N/A

4-11-78
5-05-82

4/23
4/16
4/13
5/7

6-04-77

4/29

5-17-80
6-03-77

5/17
4/23

6-1 2-78

5/7

9.9
8.9

5-28-78
8-12-78
4-05-82
4-27-82
5-30-78
6-1 3-80

5/1 2

9.0

213
220

6/2

8,8

220

1 950 2 2 4

2050

5/7
5/1 5
4/1 5
4/7

5.1
5.0
6.8

222
233
235
240

N/A
2 100
2 200
2 440

229
24 0
238
242

1950
2500
2700
3400

3.33
0.45
1.37
1.40
0.34
0. 29

6-19-80

5/6

6.9

242

N/A

256

3000

2.03

4-12-78
8-1 0-77
4-10-81
8-12-78

5/13
4/20
4/22
5/7

9.1
9.7

244
249

258

8.7

265

253
254
278
270

2850
2900

6.0

2 600
2 550
N/A
2 950

0.99
0. 52
3.33
0.57

6.6
9.0
5.0
99
7.0

8.9

1900

2050
2850

3600
3100

6.82

Table 7. Anomalies found on live tortoise in 1987 on the Littlefield Plot.

SEX
7
F

A~NM ALIE
left costal 1 split
10 left & right marginals
right femoral anomaly
marginals L1 and R1 split
marginal L1 split

~MCL mm
78

103
172
178

202
207

pygal anomaly

211
F
M

Grth
WT

right costal 1 split
pygal anomaly
pectorals, marginal L1 split
left humeral and abdominal split
vertebral 1, left costal 1 split

219
228
242

243

88

39.3
88.9
11.4
N/A
80.0
56.2
139.1
N/A
27.5
46.4
N/A
17.2

Table 8, I n juries found on live tortoises in 1987 on the Littlefield Plot.

225
231
238
242
243
243

~le 'erIee
left humeral-pleural cracked
dent in LC3
healed crack on abdominal
scar on right pectoral
chips off L6, 7, 9 , 10 , RC2
chip off L11
nuchal chipped
L9 chewed
crack on right abdominal
RC4 crushed, 57 mm x 2 m m d eep
humeral, pleural cracked
crack in V1, LC1
chip on R10
L abdominal cracked, L2, L3 chewed

244

numerous chips and cracks

250
252

appears crushed by vehicle/healed

254

scar on LC4

270
270
278

RC4 crushed,45x40 mm x 2 mm deep

~MCL m m

Sex
?

97
100

?

106

?
?

147
161

202
206
2'I 4

M
F

M
F

M
M

V1, left plueral chipped/cracked

abdominal cracked

V2 cracked

Table 9. Characteristics of coversites by condition and aspect as a percentage of the total number of coversites

(COS) and as a percentage of coversites associated eith perennial plants (359).
USED BY

A~TIVE
5.2

gQOD

TOTAL

~P R
35.3

41.8

15.2

2.5

100.0

N

NE

E

$E

$

$W

W

NW

TOTAL

1 1.9

10 .6

19 7

10 6

17 .4

10 .1

1 1.5

8 .1

99.9

B~R- Ii~
A E

21.1

~ R E ~ST E
77.2

INDI A N R l E

0.6

~TTA L
100.0

Human Activity
The two dirt roads which cross the study plot were present when previous studies were done. The roads
total 12,775 ft in length and average 12 ft w ide for a total of 153,300 f t' , o r 3. 5 acres. I n addition, vehicle

tracks cover approximately 10 acres.
Motorcycles and small all-terrain vehicles were observed on the plot three times, always on the roads.

However, fresh tracks were observed on 12 mornings, always off-road. Generally, tracks gave the impression
that the operator was headed somewhere, but on two occasions random, circular tracks were seen. During the
study the first signs of ORV use along the banks of Castle Cliff Wash were noted.
Although undocumented, there probably was some removal of vegetation, particularly cacti, by nearby
residents in the past.
Mineral exploration and development activity has consisted only of claim stake placement. No mineral
activity is anticipated on or near the plot.
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Livestock Grazing
The plot is located in Pasture 3 of th e Beaver Dam Slope Allotment. The 34 ,602 acre allotment is
managed under an Allotment Management Plan (AMP) which allows 1,101 Animal Unit Months (AUMs) per year.
The AMP was changed in 1984 to it's current form which requires the permittee to follow a 3-year, 3-pasture
rest rotation system. Pasture 3 is rested the first year of the cycle, and is grazed from April 1 to May 15 during
the second and third year. No cattle were observed during 1987 which was the rest year of the cycle for Pasture
3.
Trash
Trash was observed being blown from the dump near the SW corner of the plot onto the plot. We found
four trash piles which dated from the 1930's through the 1980's. These piles consisted mostly of metal, wood,
and plastic, and were no larger than 25 ft across. W e f o und some trash in all 100 Quads.
Desert Tortoise Study Activity
Since 1977 biologists have studied this area and the tortoise living there. This includes vegetation trend
plots, soil surveys, radio-telemetering, marking, and observing tortoises. We know of no desert tortoises that
have been released on the plot since 1978, when Hohman and Ohmart (1978) received two male tortoise from
local residents. One of these was from west of Highway 91, the other from south of the Virgin River and 1-15.
These were released on the plot and counted as part of their census. Neither tortoise has been seen since. Some
desert tortoise shells have been removed from the plot; others were left in place to determine decomposition
rates.
Wildlife Activity
During the study 37 vertebrate species were observed in addition to desert tortoise. We classified 13
species as potential predators. T h e m a j ority of t h ese w ere avian predators. S e v e nty-one predator sign
concentration areas were recorded (Table 10), the majority of w h ich were wooden posts. O l d f ence posts,
marker posts for vegetation transects, tortoise carcasses, and coversites comprise the remainder of predator
sign concentrations. Tortoise and tortoise carcasses appear chewed, and hatchling tortoise scutes and bones
were found in mammal scat.
Table 10. Summary of predator sign concentration areas.
LOCATION TYPE
wooden posts
fence posts

NO.
21
3

marker posts

10

survey monument
tortoise shells
dens and burrows

open
other
TOTAL

PREDATOR PECIES
avain
avian

7
14

TY PE
sc at , pellets
sc at , pellets
scat , whitewash
sc at , pellets
sc at

12

dens , scat

coyote, fox, badger

scat
sca t , pellets

mammals
avian

3
1

avian, mammalian
avian, mammalian
coyote, kit fox

REMARK
~
claim stakes

oldposts
in place since 1979
7 of 8 corners
14 of 27 sites
1 site = barnowl h olein
wash bank
no apparent point
rain gauge

71

DISCUSSION
A comparison of the Littlefield tortoise population with three of four sites from Berry (1976) (Salt Hills
Valley, California, Desert Tortoise Natural Area, California, and Arden Valley, Nevada) shows similar age
structures. A fourth area, the Woodbury and Hardy (1948) Study Area on the Beaver Dam Slopes in Utah was
9 09( adult in 1948 .
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On the Littlefield Plot in 1987 we found a population with 53% adults (larger than 207 mm MCL), 10%
subadults (1 80-207 mm), 25% juvenile (100-1 79 mm), 10% immature (60-99 mm), and 2% hatchling (less than
60 mm MCL). Using Hohman and Ohmart's (1980) field notes and published figures as a baseline for comparison
with our results indicates that there has been little change in the demographics of the population over the last
10 years. They classified tortoises differently; tortoises were considered adults at 214 mm MCL. U s ing their
data we reclassified tortoises and found that in 1978 56% of the population on the Littlefield Plot were adults
(MCL more than 207 mm ).
Sheppard's data indicates that nearly 48% of the population was adult during the period 1979-1983.
His data also indicated a male:female ratio of 55:45 for tortoises larger than 207 mm MCL. Hohman and Ohmart's

(1980) published figures show a 60:40 male:female ratio for tortoises larger than 200 mm MCL. From their field
notes we determined that for tortoise larger than 207 mm MCL on the study plot a male:female ratio of 56:44
existed in 1978 . O u r data from 1987 indicates a male:female ratio of 62:38 for tortoise over 207 mm MCL.
For tortoise over 180 mm MCL we found 19:11 male:female 63:37. Hohman and Ohmart (1980) reported this
population had an abundance of males when compared to other populations, and that trend has continued. Due
to small sample sizes none of the sex ratios were significantly different from 50:50 at the 95% confidence level,
Tortoise from each size class were present in 1987; the largest gap occurring between individuals of 120 and
145 mm MCL. W e did not find more female than male carcasses on the plot. P o ssible explanations include
incorrect determination of the sex of live tortoises and carcasses, thin-shelled female tortoise shell remains
deteriorate much more rapidly than we have assumed, or females are dying in places and ways that make shell
observation more difficult.

There was an abundance of carcasses on the plot. Considering a population comprised of 26 adults per
sq. mile, the presence of 14 adult carcasses on the plot seems quite high, even over a 10-year period. Not all
shells were swept off the plot during previous studies. The high number of carcasses and male abundant sex
ratio are causes of concern. U t a h Beaver Dam Slope tortoise populations have shown up t o 2 0 % a n n ual
mortality. The study plot contains many of the large creosote bushes that are important for tortoise burrows.
Bursage provides cover from predators and the sun. C o versites on the plot are not primarily associated with
washbanks and caliche caves as is commonly thought. The majority of dens and burrows were dug at an angle
into a horizontal surface, usually under a creosote or bursage. We found 322 burrows in good or active condition,
an average of 6.6 good burrows per known tortoise.
No gross evidence of erosion was observed. There is a paucity of cacti and perennial grasses. These
are important forage items during the summer (after spring annuals cure) and fall/early spring.
ORVs and livestock grazing are the main factors of habitat alteration here. G r azing is guided by the
Shivwits Grazing EIS, which calls for less than 45% utilization of key species for those allotments that do not
have an approved grazing system. The Beaver Dam Slope AMP is the approved grazing system for this allotment
that defines the amount (less than 50% utilization) and method of use by livestock. The amount of utilization
is determined yearly after use. The key species for the Beaver Dam Allotment are indian ricegrass, galleta, sand
dropseed, Needlegrass, Winterfat, and Mormon tea.
Grazing occurs during the spring, and cattle are selective, picking the " ice cream" plants w it h high

palatibility and nutritional value first. During periods when annuals are cured, cattle may select perennial grasses
over all other species, and can reduce the numbers and vigor of perennials over time. Grazing occurs throughout
the study plot, yet many species of forbs and annuals can be found.

ORV use occurs primarily in the southwest corner of the plot, and here conditions are poor for tortoise
and cattle. Soil compaction and denudation have created an area where few annuals and no perennial grasses
grow. O R V's damage vegetation, increase soil compaction and erosion, cause increases in soil temperatures,

and impact tortoise coversites (Webb and Wilshire 1978; Webb 1980).
Avian predator numbers in the area are high, as is mammalian predation. Kit f ox, coyote, feral dogs,
ravens, falcons, eagles, hawks, owls, and seagulls all possibly impact tortoise populations here. This is natural
and desirable, yet it is apparent that coyote and raven numbers are artificially high due to human activities.
BLM manages the area under the Virgin River/Pakoon Basin Habitat Management Plan (VRPB HMP).
Objectives of the plan call for minimizing damage to tortoise habitat by mineral exploration and development,
maintaining or enhancing forage conditions, reducing the effects of ORV's, maximizing federal ownership, and
i mproving the i nf ormation base about t o rtoise and habitat. C u r r ently th e A r izona Strip District, BLM, i s

developing a Resource Management Plan (RMP) for the entire District. This plan will provide the framework for
land management decisions regarding multiple-use objectives for tortoise habitat on the Strip.
Local communities are growing, and an increase in human activities is to be expected. Use of the dump
will increase, use of roads (including Highway 91) will increase, and the demand for recreation opportunities will
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increase. We expect that human-tortoise encounters will increase, and habitat degradation will increase. This
will have a negative impact on tortoise populations.
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METHODS OF AGE DETERMINATION OF THE DESERT TORTOISE, GOPHERUS
A GA SSIZII
David J. Germano and Thomas H. Fritts

Abstract. Me thods previously used to determine ages of desert tortoises (Gopherus
agassiziij have disadvantages because they are either 1) time consuming, 2) destructive, or 3)
inaccurate. R e p eated capture of c h elonians marked as hatchlings gives accurate ages of
individuals (Metcalf and Metcalf 1985), but requires much field effort over several years and is
limited to only those individuals recaptured. Analysis of bone annuli is another accurate means
of determining age (Zug et al. 1986; Zug 1991), but to date requires extraction of a long bone,
which restricts uses to dead specimens. Shell-wear patterns roughly categorize all individuals
in a population (Berry and Woodman 1984), but ages are only approximate and the amount of
shell wear may be subject to a variety of environmental effects,
In contrast, the number of scute annuli counted on the shell accurately reflects the age
of desert tortoises up until about 25 yr of age. S c ute annuli not only allow for accurate age
determination of i ndividuals with only one handling, but also have the added advantage of
yielding the growth history of each individual. Extending age determination of tortoises past 25
yr may be possible using thin sections of scute viewed under magnification. Sc ute annuli and
laminations potentially provide an accurate means of aging all desert tortoises in a population.

INTRODUCTION
Determining ages of individuals is a necessary part of quantitative population analyses (Charlesworth
1980; Gibbons 1987). T o a ccurately assess the status of desert tortoise populations, life-history traits such
as juvenile survivorship, age-at-first-reproduction, adult s urvivorship, and f e cundity m us t b e d e t ermined.
Fluctuations in these population traits can alter the viability of a population. S ome life-history traits can only
be determined by accurately aging each individual in a population. S e v eral techniques have been used for
determining ages in tortoises, but all have suffered from serious shortcomings that limit t heir use in living
populations. W e c o m p are techniques used to determine ages of desert tortoises (Gopherus agassizii) and
suggest the use of one technique that is accurate, non-destructive, and can be used with one handling of an
individual.
Age Determination in Tortoises

M ark-and-Recapture - Th e m os t a c curate method fo r d etermining ages of i n d ividual tortoises is t o m a r k
hatchlings or very young tortoises, for which ages at the time of first capture can be assigned accurately. These
individuals are then recaptured over many years, and for each subsequent recapture the age is known (Medica
et al. 1975; Gibbons 1987; Turner et al. 1987; Zug 1991). This technique yields exact ages of individuals, but
it is time-consuming. Other disadvantages are that not all marked individuals will be recaptured, some die, and
some disperse out of the area. The inability to find tortoises hampers recaptures of individuals, and this problem
becomes more acute in areas of dense vegetation and in areas where dispersal is significant. A d u l t desert
tortoises are fairly easily found in Mojave Desert habitats, but small tortoises are largely undetected (Berry and
Turner 1986). A l l size classes become harder to detect as visibility becomes increasingly poorer in the dense
vegetation of Sonoran and Sinaloan habitats (Germano et al. 1993).
Bone Analyses - This technique is accurate for young tortoises and can be used to determine ages of all individuals
if corrections can be made for lost bone annuli due to reconstruction of bone in older individuals (Castanet et

al. 1977; Castanet and Cheylan 1979; Zug et al. 1986; Zug 1991). The major drawback is the need for a long
bone to be used in the analysis. To date, annual bone growth in tortoises has been detectable only in long bones
such as humeri and femurs. T h us, only dead individuals can reasonably be used (Zug 1991).
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Shell Wear - This technique has been devised for determining ages of individuals based on the size and relative
wear of the shell (Berry and Woodman 1984). U sing this method, individuals are placed into various size/age
classes. Each individual is assigned to an approximate age class with only one handling and individuals are not
killed. One disadvantage is that individuals are assigned to general age classes only, which are not very useful
in quantitative population analyses. For example, if reproductively mature individuals are lumped together as
adults, the population structure may seem skewed (Fig. 1), This could significantly alter a biologist's perception
of the viability of a population. Another disadvantage is that although wear on shells is partly a function of age,
it is also a function of differences in environmental factors, such as soil texture and habitat composition. Even
within the same general area, two individuals of the same age may have different amounts of shell wear due
to microsite differences. Desert tortoises exist in sandy valley habitats in the Mojave Desert as well as on rocky,
boulder strewn hillsides in the Sonoran Desert (Germano et al. 1993).
Scute Rings - Many c helonians produce growth rings on t heir scutes that potentially can be used for age
determination. A l t hough the following list is not exhaustive, scute rings have been used for determining ages
of young individuals of Chrysemys
picta (Sexton 1959; Gibbons 1967, 1968a; Ernst 1971), Chrysemys floridana
(Gibbons and Coker 1978), Trachemys [Pseudemys) scripta (Cagle 1946; M oll and Legler 1971), Clemmys
insculpta (Lovich et al. 1990), Clemmys guttata (Ernst 1975), Emydoidea blandingi (Graham and Doyle 1977,
Ross 1989; Congdon and van Loben Sels 1991), Graptemys pseudogeographica (Moll 197 6 ), Oeirochelys
reticularia (Gibbons 1969), Chelydra serpentina (Gibbons 1968b; Galbraith and Brooks 1989), Terrapene ornata
(Legler 1960; Blair 1976; Doroff and Keith 1990), Terrapene carolina (Ewing 1939; Stickel 1978; Stickel and
Bunck 1989), Kinosternon flavescens (Long 1986), Kinosternon subrubrum (Ernst et al. 1973; Gibbons 1983),
Pyxis planicauda (Kuchling and Bloxam 1988), Chersina angulata (Branch 1984), Testudo hermanni and T.
graeca (Castanet and Cheylan 1979; Lambert 1982; Stubbs et al. 1984), Geochelone gigantea (Gaymer 1968;
Grubb 1971; Bourn and Coe 1978; Swingland and Coe 1979), Gopherus berlandieri (Auffenberg and Weaver
1969; Judd and Rose 1983), Gopherus flavomarginatus (Gary Adest, pers. comm.), and Gopherus polyphemus
(Landers et al. 1982). In addition, both Gibbons (1976) and Zug (1991) found that counts of scute rings were
one of the best methods of estimating ages in chelonians.

The accuracy of counts of scute rings for determining ages of desert tortoises requires demonstrating
a relationship between number of scute rings and actual age. This relationship was demonstrated for a population
of desert tortoises at the Nevada Test Site in the northern Mojave Desert (Germano 1988). T h ese tortoises
ranged in age from 21-25 yr, and counts of scute rings were either exactly the age of the tortoise or were within
1-2 yr of the known age. In addition, counts of scute rings were exactly the same as age for six captive raised
desert tortoises, and the number of bone rings counted from long bones were not significantly different from
counts of scute rings for 16 dead desert tortoises (Germano 1988). Although this work demonstrated the utility
of using scute rings to determine ages of desert tortoises, the use of easily seen scute rings limits aging animals
to those < 20 -25 yr of age. Sectioning the edges of scutes revealed the presence of additional layers in animals
that seemed older than 25 yr (Germano 1992), tortoises for which scutes are beveled on the edges (Fig. 2). Only

minimum estimates of age could be determined from this method because no tortoises of known age were
available, but it is possible that this method actually reveals true ages of older individuals. o t h er methods of
aging tortoises > 2 5 y r should be tested, such as bore cores taken from marginal scutes (P.A. Medica, pers.
comm.).
DISCUSSION
Quantitative demographic analyses of desert tortoise populations require a knowledge of the age of living
individuals. M a r k-recapture, bone analysis, and the
s h e l l -wear technique have serious disadvantages that
preclude their use in this type of analysis, Counts of scute rings are an accurate means of determining ages of
desert tortoises less than 25 yr. A n alysis of thinned sections of scute for tortoises older than 25 yr extended
the ability to determine the age of any individual.

Criteria for using easily seen scute rings to age desert tortoises are that the number of rings is less than
20-25 and that the last ring shows a clean edge as it abuts the last ring of an adjacent scute (Fig. 2). Desert
tortoises are likely older than the number of scute rings visible to the unaided eye when the last scute ring is
not distinct and the edge of the scute is beveled (Fig. 2). For these individuals, we suggest cutting off a thin
section of epidermal material from the edge of a carapace scute for further microscopic analysis. We have taken
thin scute sections from living desert tortoises that appear older than 25 yr w i t hout significant harm to the
individual.
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Population Structure Based on Age

Population Structure Based On Size/Wear Classes

Size/Wear
Classes

Males

Females

VI & VII

IV

Abundance

Abundance

Figure 1. Biased age structure of desert tortoise populations may result from the inability to separate individuals

into actual ages and due to the problem of not being able to find all individuals, particularly younger individuals.
Hatchling and young tortoises may remain cryptic, which makes them under-represented in the age structure.
For the hypothetical data we used here, lumping ages (left column) may over-represent adults, indicating that
the population is declining. I f t o r toises were aged to the year (right column), the population structure might
appear more typical of a growing or stable population.

9S

Shell Without B e v e ling

Cross — Section

Shell With B e v e ling

Cross-Section

Figure 2. A b o ve. A t o r t oise that is as old as the number of rings counted on a scute. The last ring of a scute
abuts evenly with the last ring of an adjacent scute. Below. Beveling that can occur in a tortoise that is likely
older than the number of rings that can be discerned easily. A d jacent scutes do not meet cleanly.
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There is the potential to incorrectly age an individual by 1-2 yr if care is not taken to identify subannual
rings from annual rings, i.e., some tortoises have two rings in one year. In addition, Berry (1987) has shown
that a ring may not form in a very poor rainfall year. Individuals that do not grow appreciably for several years
could be incorrectly aged, but c areful inspection of s c utes on th e c arapace and plastron should alert the
investigator to this problem because a small chasm will likely form between normal rings due to the minimal
growth. W e a lso suggest the use of dental casts (Galbraith and Brooks 1987) to preserve a section of the
carapace or plastron used in the growth analysis. T his w ill speed data gathering in the field and provide a
permanent record of growth. In our experience, the carapace is better for determining growth and age because
it usually wears less than the plastron (Germano 1988).
The use of scute rings for determining the ages of desert tortoises seems to be applicable throughout
their range. Based on the nearly 300 desert tortoises that we have examined from throughout their range, we
have found that the general appearance and maximum number of rings on a scute is the same, subject only to
variation in annual ring widths. In addition, all parts of the range of the desert tortoise experiences a period of
adverse environmental conditions that slows tortoise growth and therefore produces an annual calibration. In
the Mojave and Sonoran Deserts, cold winters cause tortoises to become dormant, and dryness from February
to April causes dormancy in tortoises in Sinaloan habitats (Germano et al. 1993). Besides being useful for aging
desert tortoises, scute rings have the additional benefit of providing a growth history of the first 25 yr of an
individual (Germano 19 8 8) . F u t u r e p opulation analyses of th e d esert t o rtoise can easily incorporate age
determination of individuals, at least for those under 25 yr.
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DOES HIGH ADULT M O RTALITY EQUAL A PO PULATION CRASH FOR DE SERT
T ORTOISES IN THE PIUTE VALLEY, NEVA DA ?

David J. Germano and Michele A.Joyner

Absrract. Apparent high mortality of adult desert tortoises (Gopherus agassizii) at
the Piute Valley Permanent Study Plot in southern Nevada between 1979 and 1983 has not
led to a decline in density. It did result in a significant decrease in mean carapace length (CL)

and averageage in 1983. Both mean CL and average age had increased by 1987. The
stability of density at this plot seems to be due to increased juvenile survival of tortoises
hatched after 1979 and immigration of tortoises from the surrounding area. The per capita
mortality rate for 1979-1983 was estimated at 0.21/year, with adults being most affected.
The per capita mortality rate for 1983-1987 was estimated at 0.08/year, affecting all ages
evenly. Causes of the high rate of mortality between 1979 and 1983 cannot be determined,
although this event seemingly was limited to a very small portion of the valley. Starvation,
disease, and flooding may h ave contributed to t o r toise deaths although all causes are
speculative. P o pulations of desert tortoises seem to have the ability to w i t hstand short
periods of high rates of mortality, at least in areas of localized disturbance, and when high
juvenile recruitment can offset adult loss.
INTRODUCTION
A large number of mortalities of desert tortoises (Gopherus agassiziij were found in a 2.59 km' (1 mi')
plot located in the Piute Valley of southern Nevada in 1983 (Mortimore and Schneider 1983). T his study plot
was established in 1979 at which time only a few mortalities were discovered (Karl 1979). It is therefore believed
that this high number of deaths occurred between 1979 and 1983 and possibly resulted from a single event
(Mortimore and Schneider 1983). We recensused this population of desert tortoises in 1987 to assess changes
that might have taken place since 1979. Results of this census are presented elsewhere (Joyner and Germano
i n press). H e r e w e c o m p are our results t o t h ose of p r e vious censuses and relate these changes to a n
understanding of responses of desert tortoises to disturbance.

METHODS
The plot is located in the Piute Valley of southern Nevada in the eastern Mojave desert (see Joyner and
Germano in press for a description of this area). Densities in 1979 and 1983 were determined using the Schnabel
estimator (Karl 1979; Mortimore and Schneider 1983). We reestimated density for 1983 using the Jolly - Seber
estimator (Tanner 1978). T his method takes into account losses and additions to the population. For 1987,
we estimated density using a Lincoln index with May as the period of marking animals and August as the
recapture period. Only 1/2 the plot was recensused in August due to time constraints. T herefore, the density
of tortoises was computed for this half and then doubled to give an estimate of the number of tortoises for the
whole plot.
Carapace lengths (CL) of each individual were plotted and mean carapace lengths computed for each
year. Mean CLs of the total population, adults () 180 mm CL), and non-adults (( 1 8 0 m m CL) were compared
among years with t w o -tailed t-tests. W e u sed Bonferroni adjustments to p-values using p = 0.017 as our
significance value based on three comparisons within groups.
Ages of each individual were plotted and mean ages compared in a manner similar to carapace lengths.
A ges of mortalities and 1987 l ive tortoises were determined for most individuals using scute annuli. T h i s
technique has been found to be accurate up to 20 - 25 years (Germano 1988; Germano and Fritts in press).
Several individuals were determined to be older than the number of easily seen annuli based on scute edge

beveling or non-growth since last capture. These individuals were categorized as ) 25 years old. Ages were
estimated for live tortoises found in 1979 and 1983 based on carapace lengths. The number of scute annuli

is fairly well correlated to CL, especially for smaller individuals (Age = [CL-36.52]/8.68, r' = 0.823, n =. 199).
We corrected for the presence of older individuals in our estimates by assigning a portion of adults of various
sizes to the ) 2 5 age category based on the percentage of adults that fell into this category from the 1987 live
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and 1983 and 1987 shell groups.
Age-specific mortality rates were determined for 1979-1983 and 1983-1987 using the equation qx =
(k[fx])/gx, where qx is the mortality rate per year for age x, k is the per capita mortality rate of the population,
fx is the proportion of animals age x that are known to have died in the past year, and gx is the proportion of
animals of age x in the preceding live population (Fryxell 1986). I n o rder to compare mortality rates to age
structures, we determined mortality rates for age groups: 0-14 years, 15-27 years, and > 2 5 y ears. The per
capita mortality rate was divided by 4 in order to obtain the yearly mortality rate for each time period.
Sex ratios were compared among live tortoises and shells. Sex was determined for tortoises > 180 mm
CL or, in some instances, for males > 170 mm CL. Ratios were tested for deviation from a 1 to 1 sex ratio with
Chi-square analysis.
Carapace length to weight regressions were constructed for 1979 and f 9 8 7 t o rtoises. Data for 1983
were not available. Regressions were based on the logarithmic transformation of both variables. Slopes were
tested against 0 and against each other.
Individual growth was compared among 1987 live tortoises and mortalities in two ways. Growth rings
of the second costal scute were compared among these groups using mean annual widths (AW) and mean
percent growth for rings 1-24 (see Germano 1988 for a description of growth ring measurements). Percent
growth for a ring is AW/estimated CL for the preceding year. The estimated CL is derived from the length of
the ring, which are highly correlated (r* = 0.96, n = 174). M e ans of these two variables for each ring were
compared among groups using the nonparametric Wilcoxon sign test.
We also tested the hypothesis that mortalities found in 1983 starved due to drought and long-term
grazing pressure (Mortimore and Schneider 1983). W e compared the mean AW of the last two growth rings
for the shells found in 1983 to the mean AW of the 1980 and 1981 growth rings from live tortoises found in
1987 using t-tests.
Climate was analyzed using weather information from Searchlight, Nevada. Data were compared for
three time periods; 1970 — June 1979, July 1979 - 19 82, and July 1979 - July 1987 . M e ans and variances
of rainfall, both annual and winter, were compared among these time periods. Mean monthly temperatures were
compared among time periods and temperatures below freezing were analyzed for duration and relation to
unusually warm winter daily highs. W e a lso compared the pattern of rainfall for these time periods using a

predictability index (P) based on measures of constancy (C) and contingency (M) using log-transformed monthly
totals (Colwell 1974). In areas with highest predictability of rainfall, P = 1. This could be due to either constant
rainfall each month every year (C = 1), a regular pattern of monthly rainfall (seasonality) every year (M = 1),
o r a combination of the tw o .
RESULTS
D ensities of desert tortoises were estimated to be 50/km' in 1 97 9 (Karl 1979) and 72/km' in 1 9 8 3
( Mortimore and Schneider 1983). Eighty-four tortoises were found in 1979 and 81 were found in 1983. W e
r e-estimated the 1983 density to be 44 to rtoises/km'. A n a v erage of these two estimates for 1983 is 57 .5
tortoises/km'. W e estimated the density in 1987 to be 59 tortoises/km' (95% confidence intervals, 19 - 173).
We found 48 tortoises in 1987, 33 in May and 19 on the southern half of the plot in August, of which four had

been marked in May.
Carapace lengths (CL) of live tortoise populations varied significantly for each census (Fig. 1). Mean CL
was significantly smaller in 1983 than in either 1979 (t = 4.71, 163 df, p ( 0 . 0 0 1 ) or 1987 (t = 3.25, 127
df, p ( 0 . 0 1 ) . M e a n CLs in 1979 and 1987 were not significantly different, however (t = 0.695, 130 df, p
> 0.10, T a ble 1). No significant differences were found among mean CLs for adults (> 18 0 mm CL). A d ults
made up 58% of the 1979 population, 37% of the 1983 population, and 60% of the 1987 population. The mean
CL of non-adults ((1 8 0 m m C L) was significantly smaller in 1983 than 1979 (t = 4.28, 84 df, p ( 0 . 0 0 1 ) ,
but was not significantly different than 1987 (t = 1.44, 68 df, p > 0 . 10 , T able 1). The mean CL of non-adults
was not significantly different between 1979 and 1987 (t = 1.93, 52 df, p > 0.05).
Thirty-seven mortalities were found in 1987 compared to 109 found in 1983 (Fig. 2). Ten shells were
found in 1979 (Karl 1979). Carapace lengths of mortalities were not significantly different (t = 1.959, 143 df,

p > 0,05), although mean CL in 1983 was larger than for 1987 (Table 1). Mean CLs of adult and non-adult
mortalities were similar, but adults comprised 78% of the 1983 collection and only 49% of the 1987 collection.
The mean CL of mortalities from 1983 was not significantly different from the mean CL of live tortoises in 1979
or 1987, but was significantly larger than live tortoises in 1983 (t = 5.27, 188 df, p ( 0 . 0 0 1 ) . M e an CL of
mortalities from 1987 was not significantly different than mean CL of live tortoises.

Ages of tortoises varied significantly for years of censusing (Table 2). Changes in ages of live tortoise
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Figure 1. Carapace lengths of live desert tortoises from the Piute Valley Permanent Study Plot in 1979 (data

from Karl 1979), 1983 (data from Mortimore and Schneider 1983), and 1987. IVlean carapace lengths and
sample sizes are given in Table 1.

I 97 Q -

ISI 3

IO

0

5
2

UJ

D

I

O
UJ

6

1 01 5 -

I9• 7

S

50

75

IOO

C ARA P A

l25

CE

150

I7 5

20 0

225

L E N G T H

250

27S

(mm)

Figure 2. Carapace lengths of desert tortoises found dead in 1983 and 1987 from the Piute Valley Permanent
Study Plot. M ean carapace lengths and sample sizes are given in Table 1.
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Table 1. Mean carapace lengths (CL) and sample sizes of tortoises from the Piute Valley Permanent Study Plot.

Grou
~

Tortoises

>18 m m Cl

Total

( 1 8 0 m m CL

~%%d
of
Total

1979 live

186.8 mm (84)

217.1 mm (49)

58

144.5 mm (35)

42

1983 live

148.2 mm (81)

211.8 mm (30)

37

110.8 mm (5 1)

63

1987 live

181.1 mm (48)

213.8 mm (29)

60

125.8 mm (19)

40

1 983 shells

19 7 . 6 m m ( 1 0 8 )

212.9 mm (84)

78

106.4 mm (24)

22

1 987 shells

16 5 . 4 m m ( 3 7 )

216.3 mm (18)

49

117.2 mm (19)

51

AII

% of

Table 2. Mean ages and sample sizes of tortoises from the Piute Valley Permanent Study Plot in southern Nevada.
Ages for 1979 and 1983 are estimates based on carapace length (see Methods).

Ages (Years)
~Grou

- 27

Q-14

1 5- 2 7

>25"

1979 live

1 6.6 (72)

10 .9 ( 2 4 )

19.5 (48)

(12)

1983 live

12.1 (74)

7 .5 ( 4 1 )

18.8 (30)

(7)

1987 live

1 4.1 (43)

11.3 ( 2 2 )

17.0 (21)

(5)

1983 shells

17.0 (94)

7.8 (22)

19.9 (72)

(14)

1987 shells

14.0 (31)

8.4 (31)

19.3 (16)

(6)

' Mean agecannot be determined.
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populations are similar to the changes seen for CLs (Fig. 3). The estimated mean age for 1979 is significantly
older than 1983 (t = 4.59, 144 df, p ( 0 . 0 1 ) and 1987 (t = 2.77, 113 df, p ( 0 . 0 1 7 ) . M e an age for 1987
is not significantly different than 1983 (t = 1.81, 115 df, p > 0.05), but non-adults are significantly older (t
= 4.05, 64 df, p ( 0 . 0 1 ) . M ean age of 1983 mortalities is significantly older than 1987 live tortoises (t = 2.83,
135 df, p ( 0 . 0 1 7 ) , but is not significantly different than 1987 mortalities (t = 2.33, 123 df, p > 0 . 0 17 , F i g .
4)
Death rates were lower for 1983-1987 than for 1979-1983. Per capita mortality rate (k) for 1979-1983
was 0.21/year, using 130 tortoises for the plot as estimated in 1979, and was 0.08/year for 1983-1987, using
115 tortoises for the plot as we estimated for 1983. M o rtality rates dropped for all age classes after 1983. For
1979-1983, mortality rates were 0.145/year for 0-14 year olds, 0.247/year for 15-25 year olds, and 0.195/
year for tortoises > 25 years. For 1983-1987, mortality rates were 0.061/year for 0-14 year olds, 0.093/year
f or 15-25 year olds, and 0.103 for tortoises > 2 5 years. M o rtality rates for all adults (15-25 years and > 2 5
years) for 1979-1983 was 0 .240/year and for 1983-1987 was 0.103/year.
Sex ratios of live tortoises show an increasing proportion of males (Table 3), although only 1987 showed
a significantly biased sex ratio. W hen the 1987 sex ratio is analyzed by size, 92% of tortoises > 220 mm CL
are males, whereas only 53% of tortoises 180-219 mm CL are males (Table 3). W hen analyzed by age, 63%
of tortoises > 2 0 y e ars are males, but 71 % o f t o r t oises of known sex between 13-19 years are males, a
significantly higher proportion than females. The sex ratios of mortalities were not significantly different than
1 to 1 (Table 3).
S oth the 1 9 7 9 a n d 1 9 8 7 r e gressions of w e i ght against CL had s ignificant slopes that w er e n ot
significantly different from each other (t = 0.90, 122 df, p > 0 . 1 0). The regression equation for 1979 is weight
= 0 .00031 CL" "
(r ' = 0 . 9 5 2 , n = 73) and for 1987 is w eight = 0.0 0 05 1 C L " " (r ' = 0 . 9 6 9 , n = 53 ) .
No significant differences were found in a ring by ring comparison of growth between 1987 live tortoises
and 1983 mortalities for either annual width (AW) or percent growth (G). W h e n 1 98 0 and 1 98 1 rings are
compared, no significant difference exists between the mean AW for the last two rings of 1983 mortalities (X
= 1.98 mm, n = 72) and the 1980 and 1981 rings for 1987 live tortoises (X = 1.92 mm, n = 79 ; t = 0.31,

149 df, p > 0.10).
Average precipitation amounts were higher between July 1979 and July 1987 than for the previous 10
years (Table 4). The highest average precipitation was recorded between July 1979 and December 1982. Winter
rainfall (October - March) followed the same pattern with both 1979-1987 and 1979-1982 averages higher than
1970-1979 (Table 4). The period 1970-1979 was a drought period with average rainfall 7% below the longterm average of 183.8 mm (7.24 in) with seven of the ten years well below average (Table 4). When 1978 and
1979 are excluded, average precipitation drops to 129.3 mm (5.09 in), 30% below the long-term average. July
1979 - December 1982 averaged 40% higher rainfall than the long-term average with only 1981 experiencing

below average rainfall.
Mean monthly high and low temperatures were similar among time periods. N o extended periods of
freezing temperatures were found for daily readings between 1979 and 1983. Predictability analysis of rainfall
showed similar and low predictabilities for 1970-1979 (P = 0.347, C = 0,216, M = 0.131) and 1980-1986
(P = 0.397, C = 0 . 0 8 9 , M = 0.308).

DISCUSSION
The population of desert tortoises in the Piute Valley Permanent Study Plot experienced an apparent high
rate of mortality, particularly of adults, between July 1979 and 1983 . Related to this event was a significant
decrease in the carapace lengths and ages of the population in 1983, which were returning to 1979 dimensions
in 1987 . T h e l o w e r m ean age in 1 98 3 i s p r obably a result of i ncreased hatchling survival and increased
immigration along with a disproportionate loss of adults. It is possible that the greater number of smaller tortoises
found in 1983 could be due to better search effort for these sizes, but we do not believe that this is a total

explanation. We censused the Piute Valley plot carefully in 1987, specifically looking for small tortoises, yet
we found relatively few. While we do not doubt that some young are missed because of their inconspicuousness,
we believe that the significant changes in carapace lengths and ages between 1979 and 1987 are real.

The CLs and estimated ages for 1983 indicate that smaller and younger tortoises came into this plot after
the period of high mortality. Judging by the sex ratios, which have become biased towards males, immigration
into this plot may have been by a high proportion of young males. The biased sex ratios are not due to higher

adult male survival as can be seen by the equal proportions of males and females that died. Censuses in other
parts of this valley in 1983 indicate that high mortality was localized to within and near this plot (Mortimore and
Schneider 1983). Over time the sex ratios may equilibrate by movement of females into the plot from outside,
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F igure 3. A ges of live desert tortoises from the Piute Valley Permanent Study Plot in 1979, 19 83, and 1987 .
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Figure 4. Ages of desert tortoises found dead in 1983 and 1987 from the Piute Valley Permanent Study Plot.
Both 1983 and 1987 ages based on counts of annuli.
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Table 3. Numbers of male and female desert tortoises from the Piute Valley Permanent Study Plot. Significant
departures from a 1:1 sex ratio were determined by Chi-square analysis. The totals of live animals in 1987 were
subcategorized by size and age.
X'
Year
Males
Females
Ratio
1979 live
24
30
0 .88 : 1
0. 667
1979 shells
4
1 .33 : 1
0.001
3
1983 live
11
2:1
3.667
22
1983 shells
35
41
0 .85 : 1
0.474
1 987 live (total )
20
9
2 .22 : 1
4.172
Size: 180-219 mm C L
9
1 .13 : 1
0.059
8
>220 mm CL
11
1
11: 1
8.330"
A ge: 13-19 year s
15
6
2.5: 1
3.857"
>20 years
5
1 .67 : 1
0. 500
3
Shells
1.471
11
6
1 .83 : 1
Significant departure from 1:1 ration (p <0.05).
Table 4. A nnual and winter precipitation (mm) for 1970-1987 and for three time periods from the Searchlight,
Nevada NOAA Station. W i n ter precipitation is defined by the months October-March. M e ans and standard
deviations are given for the three time periods. Precipitation in 1987 only includes the months January-July.

Year
1970

Annual
Total
1 27.76

1971

68.83

1972

136.65

Winter
Total

J an 1970 ~u ne 197 9

30. 73
17.02

J uly 19 7 9 Dec 1 98 2

July 1979J~u l 1 9 8 7

Annual Precipitation
1 70.9

281.2

256.5

(113.0)

(86.4)

(148.8)

1 79.02
1973

114.81

1974

1 84.40

54.36
Winter Precipitation
100.08
1975

132.08

104.4
82.79

1976

161.80

1977

107.70

1978

473.71

1979

256.54

1980

313.44

1981

162.81

1982

366.10

1983

376.68

1 984

300.48

1985

149.35

1986

166.88

1987

73.66

52.58

183.90
249.43
260. 10

67.06
101.09
216.15
61.47

191.52
91.69
126.24
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(33.0)

1 39.4
(73.7)

161.0
(71.1)

Densities may have decreased slightly since 1979, but it does not seem to have changed significantly
over the eight year period, although we acknowledge the imprecision of these density estimates. The number
of tortoises found has decreased in each census, but investigators and time periods in the field have varied,
rendering this comparison unreliable. We believe that the lower number of live tortoises found in 1987 is due
to inexperienced field personnel and the shorter duration of time in the field. The density estimates, though,
a re similar in magnitude and may indicate that the population has remained relatively stable since 1979. T h e
population must have experienced a decline after 1979 because of the high number of mortalities found in 1983,
but increased survival of young and immigration from adjacent non-affected areas seems to have quickly returned
the density to 1979 levels.
Causes of the high rate of mortality are not apparent. Mortimore and Schneider (1983) cited long-term
grazing confounded by a drought in 1981 as the reason for the high number of tortoise deaths. This hypothesis
is not supported by growth analysis of annuli, size/weight regressions, or climate data. Growth did not differ
significantly between tortoises that died before 1983 and those that survived to 1987. In addition, the overall
health of th e population seems stable. A l t h o ugh w eights for 1 98 3 w e r e not available, the weight to size
regressions for 1979 and 1987 w ere the same and both were almost identical to the regression for tortoises
from an ungrazed plot in Nevada (Medica et al. 1975). As for a drought in 1981, average rainfall was only 9%
below the long-term average (up to 1987) and was actually at the average, up to 1981, given the drought in
the 1970s. P r eceding 1981 were three years of exceptionally high rainfall. In contrast, rainfall in 1977 was
41% below average and followed many drought years (Table 4). Desert tortoises are known to store water (Nagy
and Medica 1986) and may be able to store fat. It seems doubtful that one average year of rainfall after three
very good years could lead to starvation. Estimates of adult death rates from 1972-1982 for a population only
42 km south of this site was 1.2% / year, in an area that has been grazed by livestock for 100 years (B erry and
Nicholson 1984a). W e d o believe that grazing in desert habitats may have long-term harmful effects to the
ecosystem in general, but, as Berry and Nicholson (1984b) have noted, the degree and effects of livestock
grazing on desert tortoises remains unclear.
What is most unusual climatically for 1979-1983 is very high amounts of precipitation. This could have
led to increases in disease and death due to floods. D i seases are known to affect other wild turtle species
(Jacobson 1980a, 1980b). S e veral tortoises were found to have high numbers of ticks in 1979 (Karl 1979).

Ticks can be vectors for disease (Frye 1973). No evidence of disease could be seen on shells collected in 1983,
although shell morphology may not be affected by blood or visceral diseases. A lso, other areas in this valley
with similar population levels did not experience a die-off (Mortimore and Schneider 1983), which might be
expected if disease were a factor. Flooding occurred on or near the plot in 1980 and 1982 (Jamrog and Stager
1987; Mortimore and Schneider 1983). The plot is bisected by numerous washes that are not prevalent in most
of the valley. Desert tortoises have been killed as the result of flash floods (Woodbury and Hardy 1 948; Coombs
1 974).
It seems that the exact cause of the die-off will never be known. St arvation, disease, flooding, as well
as predation may all have had an effect. N o explanation is totally supported by the data available, all rely on
circumstantial evidence. W h a t does appear to be certain is that this population has undergone some major
changes in size and age. Because of the localized nature of this event, the population seems to be returning to
a level similar to before the high rate of mortality due to increased survival of young and increased immigration.
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PLAN FOR A STUDY OF DESERT TORTOISE IN SAGUARO N ATIONAL MONU M E N T ,
PIMA COUNTY, ARIZONA
Audrey E. Goldsmith and William W. Shaw
In southern Arizona the primary habitat of the desert tortoise is the Arizona paloverde-mixed cacti upland
community. In Pima County and elsewhere, these habitats are being reduced by land use changes. Urbanization
of adjacent land is a process which is affecting many national parks and monuments. T his issue is especially
relevant for Saguaro National Monument because of its location on the outskirts of Tucson, which is experiencing
rapid population growth and development. This study of desert tortoises is one of several projects designed to
address the issue of potential impacts of development on wildlife in Saguaro National Monument ISNM).
Initial studies in 1987 provided maps of vegetation, riparian areas, land ownership, land use, and zoning
on private land within two miles of the border of SNM. Further study of potential impacts on individual species
was desirable. After consulting with many people, we developed a list of criteria to use in choosing species or
issues for more detailed study. Th e criteria included: 1) scarcity and/or low reproductive capability; 2) public
interest or high visibility; 3) easily disturbed by human activities; 4) dependent on resources outside the park;
5) vulnerable to predation by domestic dogs and cats; and 6) vulnerable to displacement by exotic wildlife. After
reviewing the criteria with a large group of local biologists and consulting with personnel from the National Park
Service, six studies were proposed. T hese included studies of mule deer (Odocoileus hemionus) and javelina
(Tayassu tajacu), the effects of exotic birds on cavity nesting birds, domestic dog and cat impacts on wildlife,
desert tortoise population and ecology, a survey of attitudes toward wildlife of residents within one mile of SNM,
and a synthesis of the results of the above studies.
The desert tortoise was selected because it fit most of the criteria. Also, little is known about tortoises
in SNM. Basic information is needed on tortoise habitats and densities. It is important that areas of prime tortoise
habitat inside the Monument be buffered from increasing disturbance outside the legal borders. Information is
also needed on activity patterns, habitat use, home range size, and impacts of human activities. This will help
park managers plan for recreational activities within SNM and make recommendations to c ity and c ounty
planners and the community for development outside the park.
The goals of our study are to provide baseline data on tortoise populations and ecology in SNM and to
assist NPS managers and local community officials in developing park and urban plans that are sensitive to the
conservation needs of tortoises. The tw o primary objectives of the tortoise study are:
1. To assess the populations of tortoises in both the Tucson Mountain and Rincon Mountain units of SNM.
2. To determine movements, home ranges, and seasonal activities and habitats of individuals.
Populations will be assessed by a survey of potential habitat to obtain an index of the relative presences
of live tortoises and tortoise sign and detailed censuses in two 1-square-mile plots. One plot will be located on
relatively pristine habitat, the other will be located near areas of human influence. We also plan to radio-tag 15
tortoises of mixed sex and age classes to obtain detailed information on individual ecology.
The duration of th e s t udy w i l l be t h ree years. F u n d ing is provided by th e N ational Park Service,
Southwest Parks and Monuments Association, and Pima County.
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TORTOISE MANAG E M ENT BY THE NEVADA DEPARTM ENT OF WILDLIFE DURING 1987
Ross Haley
During the past year, the Nevada Department of Wildlife (NDOW) has been attempting to develop a
program which will mitigate habitat losses resulting from urban expansion in the Las Vegas Valley.
Last year it was reported that a controversy had arisen over a proposed land exchange in the Las Vegas
Valley. This land exchange, calledthe Red Rock/Summa Land Exchange, involved the sale and exchange of
5,303 acres of land owned by the Howard Hughes Development Corporation (Summa) adjacent to the Red Rock
Canyon Recreation Lands for 3,767 acres of land closer to Las Vegas. Some of the land, presently owned by
Summa, which will be transferred to public ownership lies within 300 yards of the Red Rock Visitor Center.
Although these lands do support a low density population of tortoises, the Desert Tortoise Council (DTC)
filed a protest against this proposed action because the lands which Summa hopes to acquire support greater
densities of desert tortoises than the lands which have been proposed for addition to the Red Rock Recreation
Lands. In response to this protest NDOW, the Nature Conservancy (TNC), the Bureau of Land Management

(BLM), and Summa Corp. have developed an agreement which these organizations believe will provide adequate
mitigation for this exchange. Through this agreement, Summa Corporation has agreed to pay $620,000 into
an interest-bearing account upon closure of the sale and exchange, T his money will be obligated for use by
NDOW and/or BLM for mutually agreed to projects for the management of desert tortoises.
The preliminary mitigation measure to be paid for w ith t his money is the relocation and subsequent
monitoring of relocated animals off of lands to be developed by Summa to other areas where impacts are less

severe. An initial release site was selected on the west side of the Spring Mountain Range. A one square mile
study plot was established on the bajada west of Trout Canyon in order to acquire baseline information on the
habitat and the resident population which occurred there prior to the release of relocated animals from the Las
Vegas Valley.
This area was selected because it was believed to be within the distributional limits of the same genetic
unit found in the Las Vegas Valley (this was subsequently confirmed by collecting an animal adjacent to the study
plot for mitochondrial DNA analysis by Trip Lamb at the Savannah River Ecology Lab), the area hadn't been grazed
for a number of years () 5 y ears), potential conflicts with Off-Road Vehicles (ORVs) were minimal, and there
seemed to be an abundance of forage available for the relatively low number of tortoises inhabiting the site.
The selection of a relatively low density site for relocation has been the subject of considerable debate.
One side of the argument contends that by selecting a high density area, the selection of prime habitat is ensured,
thereby increasing the chance for relocated animals to survive in the new location. O n t h e o t her hand, by
introducing animals into a high density area, the likelihood for agonistic encounters with resident animals is
increased, thereby increasing stress on both relocated animals and residents. Furthermore, if relocated animals
do have a detrimental effect on residents, it seems desirable to confine that effect to a relatively low density
area rather than to risk damaging a high density population. Of course the argument arises that if an area can
support higher numbers of tortoises, why aren't they there now/
In the area selected for our initial releases, there is evidence of fire in the not too distant past. If some
unusual mortality factor, such as fire or disease, killed a substantial proportion of the resident population, reduced
numbers could be expected to persist in an area for a considerable period of time due to relatively limited mobility
and low reproductive potential of tortoises.
Animals relocated to this site will be equipped with radio transmitters so that movements and survival
can be monitored. A n u m ber of residents will be similarly monitored in an attempt to assess impacts on the

resident population. It is hoped that by augmenting existing low density populations with animals which might
otherwise be killed by construction activities, we may actually increase the reproductive potential of some low
density populations beyond the capacity for predators to suppress the growth of those populations. Ultimately,
this would result in an increase in the population size and population density in a given area.
A second important feature of the mitigation agreement is a commitment by the BLM to consider the
establishment of an A rea of Critical Environmental Concern (ACEC) for the protection of desert tortoises in

Nevada. This commitment arose as a result of concerns expressed by Summa Corp. that the private sector was
being forced to pay for tortoise management actions while the BLM was apparently failing to provide adequate
protections on the public lands. Initially, it was hoped that the establishment of a tortoise preserve prior to the

closure of this exchange could be included as a condition of the exchange. However, BLM officials have pointed
out that there is no way for them to legally accomplish this in the time period which Summa requires in order
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to proceed with the exchange (i.e., one year).
Although the resulting agreement is considerably less desirable than an agreement to actually establish
a preserve prior to completion of the exchange, the commitment to even consider the establishment of an ACEC
for tortoises in Nevada is seen as a positive trend in a state not known for environmental progressiveness, and
where this possibility has never been acknowledged by BLM officials before.
The agreement also contains some wording which identifies acreage in the Arrow Canyon Crucial Habitat
a s a potential site for an A C EC. T h i s s ite wa s selected as the result of a m e eting w h ich w a s held w i t h
representatives of the DTC, NDOW and BLM to determine where a preserve should be established. Since this
preserve has been proposed as mitigation for the Red Rock/Summa land exchange, it seemed logical that it should
be located within the distributional limits of the same genetic "type" w h ich occurs in the Las Vegas Valley.
This narrowed the selection of potential areas to the only two sizable crucial habitats which satisfied this
requirement, Goodsprings or Arrow Canyon. Although the Goodsprings area is closer to the area being impacted
by the land exchange, it was decided that this area would be less suitable as a preserve because of conflicts
with ORVs (this area presently receives more use than any other area in the state including very large, famous,
and economically important races like the Mint 400), mining (historically Goodsprings is a mining town and, with
present gold prices and improved milling technology, there has been a resurgence of activity), potential for
significant future urban expansion, and subsequent problems associated with proximity to an urban area such
as vandalism, illegal collecting, and dumping.
A preserve in t h e A r ro w C a n yon area could b e d e signed t o b e c o n t iguous w it h a 1 7 , 0 0 0 -acre
conservation reserve to be established through a deed restriction on lands which Aerojet Corp. hopes to gain
title to or lease through congressional action in exchange for lands in Florida. In this way the effective size of
the preserve can be maximized in order to increase the probability that the preserve could support a viable
population. O n e o f t h e p r i mary objections raised by biologists against the A erojet/Florida land exchange
legislation was that a 17,000-acre preserve was too small to maintain a viable population.
NDOW has attempted to adopt a strategy which will combine mitigation from these two exchanges in
a beneficial manner, i.e. our strategy attempts to maximize the size of two "preserves," the Red Rock area and
the proposed Aerojet Conservation Reserve, thereby maximizing the number of species which can be expected

to survive in those areas.
Another positive outcome from negotiations concerning the Red Rock/Summa land exchange is the fact
that this issue forced NDOW to examine and interpret our state regulations which afford protected status to
tortoises "outside the urban areas of Clark County." A s a result of this action, NDOW has been taking a more
active interest in tortoise management on private lands. Several meetings were held during the past year with
the cities of Las Vegas, North Las Vegas, Henderson and Boulder City, and with Clark County officials to discuss
mitigative measures which can be taken to reduce impacts to desert tortoises resulting from urban expansion.
The fact that Summa has been willing to pay a mitigation fee to support relocation efforts has established a
valuable precedent within the development community which has created an atmosphere of cooperation with
local government officials in approaching this problem.
It is hoped that a "resource tax" can be levied on land developers to pay for efforts to rescue and relocate
tortoises from lands which are targeted for development just as Summa has done. An initial figure of $170/acre
has been suggested (the same amount Summa has agreed to pay). A lthough this figure has been criticized as
being inadequate by several knowledgeable individuals familiar with the high cost of relocating animals, NDOW
feels that this is a step in the right direction. Theoretically, it should be easier to institute a tax increase if data
is collected showing that an established source of revenue is inadequate to cover project expenditures than it
will be to initiate a new tax and a new program.
The Coordinated Resource Management and Planning (CRMP) process has been reorganized and
reestablished in the Las Vegas BLM District. This is a process which brings various interest groups and individuals
together to discuss resource management problems in an attempt to arrive at mutually acceptable agreements
through consensus. I n the past, CRMP meetings were very loosely structured, and the authority of various
individuals to speak for the interest groups they purportedly represented was questionable. As a result, although
many decisions concerning grazing and ORV use were obtained through this process, some of these decisions
have since been scrutinized and may need revision.
The new CRMP effort in the Las Vegas District is more structured and has been organized following the
format of the Experimental Stewardship Process. This process now includes two levels of decision-making: a
17-member Steering Committee which makes final recommendations on a variety of issues, and smaller
(approximately 5-10 member) Technical Review Teams (TRTs) organized to investigate specific issues and make
management recommendations to the Steering Committee.

114

The first issue being debated through this new process is the Allotment Management Plan (AMP) for the
Crescent Peak Allotment. T his AMP has been the subject of considerable controversy since the discovery in
1983 of an unusually high mortality rate in the tortoise population on that allotment.
Finally, it shouldbe mentioned that with all of the work associated with desert tortoises and the additional
workload resulting from the commercial collection of reptiles, reptile management in Nevada has become a
difficult and controversial job. R ecognizing this, and recognizing the need for special skills, knowledge and
equipment, the legislature approved a full-time herpetologist position for our agency during the last session. We
have hired Dr. Ron Marlow to take over this responsibility.

Dr. Marlow has some very impressive credentials, including a great deal of experience working with
desert tortoises. We are confident that, with this additional man-time in conjunction with the additional sources
of funding described in this report, we can look forward to better tortoise management in the future.
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RESULTS FROM I HE TROUT CANYON DESERT TORTOISE STUDY PLOT CLARK
COUNTY, ARIZONA
D. Bradford Hardenbrook
Abstract. Fieldwork was c onducted in spring 1 987 on t h e T r o ut C anyon Desert
Tortoise Study Plot, Pahrump Valley, Clark County, Nevada. Th e objective was to obtain
baseline information about the tortoise population and habitat. T his information would be

valuable should the study plot become the proposed site for a tortoise relocation study.
Three microhabitats were identified: 1) Larrea-Krameria-Bromus plant assemblage on
graveled loamy sand to sandy loam soils occurring in the eastern portion of the study plot;
2) a Larrea-Ambrosia plant assemblage on many isolated stretches of firm desert pavements
occurring in the southern portion of the study plot; and 3) a Larrea-Ambrosia assemblage on

irregular surfaces composed of coarse gravels, cobbles, and occasional stones occurring in
the northern and western portions of the study plot. Production of annual plants was greater
(P( 0 . 0 2 ) on eastern portions (higher elevations) versus western portions (lower elevations)
of the study plot . O v e r 9 0 p e rcent of annual plant production was attributed to Bromus
rubens.
Of the 31 tortoises censused during surveys, 24 (77%) were ) 1 8 0 m m maximum
carapace length (MCL) and seven (23%) were in the ) 60 mm to ( 1 8 0 m m MCL range. No
tortoises ( 6 0 m m MCL were observed. The sex ratio for tortoises ) 180 mm MCL was 1:1.

Estimated population sizes were: 30 for tortoises ) 18 0 mm MCL, and 11 for smaller
tortoises.
Nineteen of 22 tortoises ) 180 mm MCL were in shell-wear Classes 3 through 5, and
three were in shell-wear Class 6. No tortoises were assigned to shell-wear Class 7. Sc ute
concavity exhibited by seven tortoises of shell-wear Classes 3 and 4 was unexpected. These
individuals represented size/age classes varying from Immature 1 ( 10 1-140 mm M CL) to
A dult 1 ( 2 0 8 - 24 0 m m M C L ) . Cau s e f o r s c u t e c o n c avity i n t h e s e i n d ividuals w a s
undetermined.
Twenty-one of the 31 tortoise remains collected were inspected to determine time
since death and overall shell condition. Eight shells representing Adult 1 and Adult 2 size/
age classes showed bone thinning or pitting. E v i dence of scavenging or predation was

observed on six shells. A crude mortality rate of 6.7 percent per year was calculated for
t ortoises ) 18 0 m m M C L .

Sixty-six percent of all tortoise burrows and 68 percent of burrows used in 1987 were
in the southeastern half of the study plot. Although detailed soil information was unavailable,
placements of these burrows seemed associated with areas of favorable soil depth, texture,
and drainage for construction of persistent burrows.
INTRODUCTION

Concern for the decline of desert tortoise, Gopherus agassizii, populations in the southwestern United
States has prompted Federal and State natural resource agencies to increase efforts in determining distribution,
size, and trend of these populations. In Nevada, the desert tortoise is recognized as a sensitive species by the
Bureau of Land Management (BLM) and is a candidate for Federal listing by the U.S. Fish and Wildlife Service
as threatened or endangered. Nevada statutes classify the desert tortoise as protected. C onsequently, both
BLM and the Nevada Department of Wildlife have been key supporters in gaining distribution and population
information for the desert tortoise. The Trout Canyon Desert Tortoise Study Plot was established to: 1) gain
additional tortoise demographic and habitat information for another locale in Nevada, and 2) obtain baseline

information for an area where a study of tortoise relocation efforts may occur.
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Study Area
The study occurred on a square plot of approximately 2.6 km' (1 mi') in the Pahrump Valley of western
Clark County, Nevada. The study plot was established on portions of Sections 9, 10, 15, and 16 of tow nship
T21S, R55E about 19.2 km (12 mi) southeast of Pahrump and 57.6 km (36 mi) west of Las Vegas (Fig. 1).
Physical Features
The study plot was located on a southwest facing alluvial fan. Borders of the study plot were oriented
so the northeast side was approximately parallel to and below the 1,219 m elevation contour, and inclusion of
Trout Canyon Road within the study plot was avoided. Elevation ranged from circa 1,097 m to 1,213 m. Slope
w as gentle and varied from four percent on the southwestern half of th e s t udy plot t o si x p e rcent on t h e
northeastern half. A lthough soil survey information was not a vailable, soils seemed moderately deep with
textures varying mainly from loamy sands to sandy loams. Coarse material on the surface was extensive and
varied considerably in size. C o a rse material was mainly variable-sized gravels with scattered cobbles and
occasional stones or boulders. D esert pavements were patchily distributed and separated by small, shallow
drainages. A fe w n a t ural cavities existed in exposed caliche deposits located in the deeper drainages.
Vegetation
Study location was in the north-central portion of the Mojave Desert (Shreve 1942). Vegetation was
typified by a creosote (Larrea tridentata) - bursage (Ambrosia dumosa) association with Joshua tree (Yucca
brevifolia) wo odland intermixed over much of t he s tudy p lot. O t h e r c o m mon plants included range ratany
(Krameria parviflora), Mo rmon tea (Ephedra nevadensis), spiny monodora (Menodora spinescens), Spanish
bayonet (Y ucca s chidigera), wi n terfat (E urotia lanata), ra yless encelia (Encelia fru tescens), pa per-flower
(Psilostrophe cooperI), goldenhead (Acamptopappus sp.), Mojave aster (Xylorhiza tortiflora), paper-bag bush
(Salazaria mexicana), fluffgrass (Erioneruron pulchellum), and red brome (Bromus rubens).
Climate
Climate was characterized as low-latitude desert (Houghton et al. 1975). M ean minimum temperature
i n January may vary from -7 'C to -2 'C, and the mean maximum temperature in July may exceed 38 'C. T h e
estimated range of frost-free days is 130 to 200 (Sakamoto et al. 1972). A n n ual precipitation may vary from
102 mm to 203 mm (Houghton et al. 1975). P atterns of annual precipitation include a winter to early-spring
period of intermittent, light intensity rain, and a late-summer period of scattered, high-intensity thunder showers
(Shreve 1942; Houghton et al. 1975). Hence, quantity and distribution of precipitation varies greatly seasonally
and geographically for the study plot locale.
Historical Land-Use
Similar to nearby areas of southern Nevada, Native American use of Pahrump Valley began with Archaic

hunter-gatherers perhaps 3,000 years before the present (Keith Myhrer, BLM Archaeologist, pers. comm.).
Some Virgin Anasazi people, a cultural group of puebloan farmer-hunter-gatherers, co-existed with ancestors
of the Paiute and Shoshone or the Archaic peoples (hunter-gatherers) circa A.D. 1 to A.D. 1,050. Paiute presence

in Pahrump Valley increased circa A.D. 900 and was the primary cultural influence until recently. Thus, the
prehistoric mode of life was primarily a hunter-gatherer existence in Pahrump Valley. Although tortoise remains
have not yet b een documented from excavations at th e Bow man site (No. 2 6 NY809) in Pahrump Valley,
collections from other sites in Southern Nevada indicate that desert tortoises may have been an important
resource for these Native American cultures (Keith Myhrer, BLM Archaeologist, pers. comm.).
European settlement in Pahrump Valley began mainly as livestock ranching with some agriculture in the
late 1800s. T h ese settlements were centered about artesian wells and seeps. The study plot was located on
land once a part of the William's Ranch. This area was acquired by the federal government and became part of
the Wheeler Wash grazing allotment now administered by BLM. Prior to the 1970s, livestock grazing (mainly
cattle) occurred year-long before summer grazing was adopted. Livestock grazing has not occurred in the study
p lot vicinity for the past ten years (Jack Pfeiffer, BLM Supervisory Range Conservationist, pers. comm.). T h e
eastern portion of the study plot currently receives use by a small number of free-roaming horses and occasionally
by mule deer (Odocoileus hemionus) during winter months.
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Figure 1. Location of the Trout Canyon Desert Tortoise Study Plot, Clark County, Nevada.

Other human-related activities on and near the study plot are minimal. Although Trout Canyon Road is
adjacent to the southern corner of the study plot, vehicular travel seems confined to the road. Off-road vehicle
travel was not observed on the study plot except for a few old tracks evidently left from the 1958 cadastral
survey.
METHODS AND M A T ERIALS
Fieldwork was conducted from 1 May to 25 June 1987 . A 1 0 0 m g rid system was used for rapid
determination o f p l o t p o s i t ion . T h e s t u d y p l o t w a s s u b d ivided i nt o q u a drants w h ic h w e r e s u r v eyed

systematically as subunits of the study plot beginning with quadrant 1 in the southwest corner and proceeding
clockwise to quadrant 4 in the southeast corner.
Transects
Initial survey effort for tortoises was for observers to walk 30 m transects. However, this survey strategy
for quadrant coverage was not time efficient. T h e result was incompatibility with t ime frames required for
completing mark-recapture periods while tortoises were at peak activity.
A modified strategy was adopted in which observers walked zig-zag routes within 50 m wide transect
corridors. Transect corridors were parallel to quadrant sides. Quadrants were surveyed twice, once along each
of the two transect corridor axes which were perpendicular to one another. Af ter all quadrants were surveyed
in this fashion, the study plot was considered to have been surveyed once (hereafter referred to as a plot
coverage). T h ree plot coverages were completed from 4 May to 20 J u ne . T o r t oise surveys were generally
conducted between 0730 and 1130 hours Pacific Standard Time (PST) from 4 May to 25 M ay, and between
0500 and 1100 hours PST from 26 May to 20 June.
Capture and Marking
Tortoises not alert to an observer's presence were watched from five to ten minutes so behavior could
be recorded prior to capture and handling. Animals were captured and restrained by hand. Information recorded
for first-time captures included descriptions of: location; surface and aboveground (1 cm and 1 m) temperatures;
time of capture; general weather conditions; body weight; sex; general body condition; and shell measures. In
this study, measures of plastron and the third and fourth marginal scutes were not recorded. AII tortoises were
assigned a unique identification number and marked appropriately using a shell notching technique (Berry 1984).
identification numbers were also painted onto the right fourth costal or fifth vertebral scute with enamel paint.
Recaptured tortoises were usually measured only for weight to avoid excessive handling stress.
Population Analysis
Tortoises were grouped into size categories based on maximum carapace length (MCL) which reflected
the relative age and reproductive maturity of individuals (Turner and Berry 1984) . T h e s e categories were:
Juvenile 1 I (6 0 m m M CL), Juvenile 2 (60-100 mm MCL), Immature 1 (101-140 mm MCL), Immature 2 (141-

180 mm MCL), Subadult (181-207 mm MCL), Adult 1 (208-240 mm MCL), and Adult 2 (> 240 mm MCL). In
addition, relative age of tortoises was assessed using a series of shell-wear classes (Berry and Woodman 1 984a) .
The ascending numerical values of the shell-wear classes corresponded to advancing relative ages of tortoises.
Close-up photographs of the carapace and left fourth costal scute were used as an aid in assigning shell-wear
classes. Sex was determined only for individuals > 18 0 mm MCL using external characters of plastron shape,
t ail length, and gular horn length and shape. Use of these characteristics for determining sex of tortoises ( 1 8 0
mm MCL may be unreliable (Turner and Berry 1984).

Population Size - Estimates of population size were made for tortoises inclusive of all size classes represented
in capture data. The Bailey binomial method (Bailey 1951, 1952; Caughley 1977, pp. 14 1-143) was used to

estimate population size based on capture data from the second and third plot coverages. The formula was:
N = M(n + I)/(m+ I)

where M was the number of individuals marked during the second plot coverage, m was the number of marked
individuals from the second plot coverage captured in the third plot coverage, and n was the number of both
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marked and new individuals captured in the third plot coverage. This estimate is more satisfactory than the
simpler Petersen (Lincoln) estimate which results in a biased, overestimate of population size over time (Caughley
1977, pp. 142). A s t a ndard error (S.E.) was calculated for the point estimate using the formula:
S.E. =

n'(n + I) (N-m) /(m + I) '(m + 2)

s uggested by Caughley (1977, pp 142-143). A 9 5 % c o nfidence interval was calculated with bounds of * 2
S.E.
A population estimate using the Bailey binomial method was made only for tortoises > 18 0 mm M CL.
Reasons for this were two-fold: 1) no recaptures of tortoises ( 1 8 0 mm MCL occurred in the third plot coverage,
and 2) the ability of observers to detect tortoises ( 1 8 0 m m M CL versus tortoises > 1 8 0 m m MC L probably
resulted in unequal catchability of these two size groups.
An estimate of population size for tortoises ( 1 8 0 m m MCL was made using a method applicable to markrecapture data where no recaptures were recorded (Bell 1974). The equation was:
P = ((N-M)(M-n))/(N(N-M-n))
where the terms were as those described for the Bailey binomial estimate except n now represented only the
number of unmarked individuals captured during the third plot coverage, and P was the "probability that all n
captures were unmarked" (Bell 1974). A minimum estimate of population size was made by inserting trial values
of N until the equation was solved when P = 0.50. Confidence bounds were calculated similarly by solving for
the desired P values. Hence, a 95% confidence interval was obtained by determining bounds (N values) when
P = 0 . 02 5 and P = 0.975.
Use of the Bailey triple-catch method (Bailey 1951, 1952; Caughley 1977, pp. 146 - 148) was originally
planned to estimate population size. T his method was deemed suitable as it corrected for biased estimates
attributed to an increased number of unmarked animals consequential to recruitment or immigration between
mark-recapture periods (Caughley 1977). Capture data from two mark and two recapture periods were required.
These mark-recapture periods would have occurred coincidental to the three plot coverages. However, capture
data from the first plot coverage was considered inappropriate because of biases involving search effort and
tortoise activity relative to the second and third plot coverages (see Results section).
Mortality - Tortoise remains were collected after descriptions were made of their location and situation. A search
of up to a 20 m radius around a find was made to ensure most pieces were collected. Tortoise remains were
later examined to estimate size/age class, time since death, shell anomalies, and possible cause of mortality. A
crude mortality rate was calculated, based on collections representing deaths ( 4 y e ars old, using the formula:
d = D/N
where 0 was the average number of deaths per year, and N was the estimated population size for the current
year (Berry and Woodman 1984b). Carcasses of smaller-sized tortoises are subject to greater deterioration rates,
removal by scavengers, and reduced detectability by observers. Because of these factors and possibly poor

representation of smaller-sized tortoises in mark-recapture data, a crude mortality rate was calculated only for
t ortoises > 1 8 0 m m M C L.
Burrows - Locations of tortoise burrows observed during surveys were mapped. Burrows were checked for
current use by t o r t oises, and burrow d i mensions were measured. Burrow locations w ere flagged to help
observers locate inactive tortoises.
Vegetation Data Collection
Two methods were performed to obtain descriptive information of vegetation. Production of annual
vegetation was estimated by using the mean dry weight of clipping samples. A sample consisted of annual plants
clipped at ground level within a 20 x 50 cm (0.1 m') rectangular frame. Thirty samples spaced at 50 m intervals
were collected along a transect. Grasses and forbs were segregated during collection. Samples were collected
on May 6th as most species were near or had completed maturation. Because of a noticeable difference in annual

plant growth between lower and higher elevations of the study plot, sampling was conducted on two transects
representing these differing areas (Fig. 2). Statistical comparison of mean production values for low and high
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Figure 2. L o c ations of vegetation transects in 1987 on the Trout Canyon Desert Tortoise Study Plot, Clark
County, Nevada. N u mbers identify study plot quadrants.
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elevations was performed using a t-test (Zar 1984, pp. 126-130).

Perennial vegetation was sampled on three 2 x 100 m belt transects for estimation of species: density;
relative density; canopy volume; relative canopy volume; frequency of occurrence; and relative frequency of
occurrence. T h e t h ree belt t r ansects w ere established in areas that seemed to r e present different plant
assemblages (Fig. 2). A random numbers table was used to determine orientation of each transect. The corners
of each belt transect were staked with reinforcement bar. Each belt transect was subdivided into 50 2 x 2 m

sub plots.
Height, and maximum and minimum canopy diameters were measured (cm) for each plant in a subplot.
A plant was measured only when more than 50% of its canopy was inside a subplot. Clone members of species
known to reproduce asexually (e.g., creosote) were treated as individuals when spacing of stems and canopies
indicated ecological independence.
Species density was the number of individuals counted on the belt transect. This density value was
m ultiplied by 50 to estimate species density per hectare (10,000 m' ) .
Canopy volume was computed for each plant using the equation for an ellipsoid:
V = x d i d 2h/6

where x equals 3.1416, di is the maximum canopy diameter, d2 is the minimum canopy diameter, and h is plant

hieght. Values of canopy volume were summed for each species and multiplied by 50 to estimate a species
canopy volume per hectare (cm'/ha). Frequency of occurrence was reported as the number of 2 x 2 m subplots
in which a species was found. A s p ecies' relative density, relative canopy cover, and relative frequency were
computed by dividing appropriate values by the respective totals for all species. Relative values were reported
as percentages of the totals. A t t r i butes of perennial vegetation on the three belt transects were compared
qualitatively.
RESULTS
Population Analysis
Search Effort and Captures - Tortoise surveys in spring 1987 were conducted on 38 days between 4 May and
20 June. A t o tal of 59 captures (including recaptures) representing 31 individuals were made during surveys
(Table 1, APPENDIX A). The number of aboveground captures versus captures made in burrows decreased
during successive plot coverages (Table 1).
Of the 31 individuals censused, 24 (77%) were > 180 mm MCL (Table 2). Twenty-three tortoises were
in adult size/age classes. The sex ratio for individuals > 18 0 m m MCL was exactly 1:1.
Seven tortoises ( 1 8 0 m m MCL made up 23 percent of the total captured. No tortoises <60 mm MCL
(Juvenile 1) were observed. The number of individuals representing the smaller size/age classes was: two in

Juvenile 2, four in Immature 1, and one in Immature 2 (Tab(e 2).
Estimates of Population Size - The number of tortoises > 180 mm MCL (Subadult and Adult size/age classes)

using the study plot was 30 a 25. The estimated number of smaller individuals ( > 60 mm but (180 mm MCL)
using the study plot was 11 x 5 9 . T h e resultant population size representing all size/age classes except the
Juvenile 1 class was 41. The large 95 %%d
confidence bounds for the estimates were attributable to the low number
of captures and recaptures in the second and third study plot coverages (Table 3).
Shell Wear - Shell-wear classes were assigned to 29 of the 31 tortoises captured (Table 4). Some carapace scutes

of seven tortoises in shell-wear classes 3 and 4 were sunken or slightly sunken. The associated size/age classes
for these tortoises were: Immature 1 (n = 1), Immature 2 (n = 1), Subadult (n = 1), and Adult 1 (n = 4) (Table
4). Concavity of mid-vertebral and posterior costal scutes was pronounced for these tortoises except for the
Immature 1 (shell-wear Class 3) and Subadult (shell-wear Class 4) individuals where scute concavity was of a
lesser degree.

Mortality - Thirty-one tortoise remains (all > 140 mm MCL) were located on the study plot and time since death
e stimated (Table 5). No deaths were observed during the study. The crude mortality rate for tortoises > 1 8 0
mm MCL was 6.7 percent per year.
Twenty-one of the 31 remains were complete enough for comparison of relative bone condition. Of these
21 shells, 13 were judged to have normal bones and 8, representing Adult 1 (n = 4) and Adult 2 (n = 4) size/
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Table 1. Number of days on which tortoise surveys were conducted, and the number of all captures (including
recaptures) made when tortoises were in burrows and above ground in 1 987 on the Trout Canyon Desert Tortoise
Study Plot, Clark County, Nevada.

Study Plot

covera e
~

Number
~of Da e

P ri
4 May - 2 June

21

Number of Captures
In Burrow
A bove G r ound
4

23
14

2 June - 11 June

12 June - 20 June
Total

4 May - 20 June

38

15

44

Table 2. Si ze/age classes for 31 tortoises captured in 1987 on the Trout Canyon Desert Tortoise Study Plot,
Clark County, Nevada.

S ize/A e Class M C L
J uvenile 1 ( ( 6 0

Male

Female

Sex Unknown

Total

mm)

Juvenile 2 (60-100 mm)
Immature 1 (101-140 mm)
Immature 2 (1 41-1 80 mm)

Subadult (181-207 mm)
Adult 1 (208-240 mm )
A dult 2 () 2 4 0 m m )
Unassigned Adult
Total

12

12

123

31

Table 3. Capture information for desert tortoises with respect to study plot coverages. Capture tallies were
grouped appropriately for estimating population size of individuals ) 180 mm maximum carapace length (MCL),
and animals 60-180 mm MCL. Only the first capture of an individual during each study plot coverage was used
in estimate calculations.

Study Plot
Couera
~

Tortoise
~ i te MC L

Coverage 1
~Reca ure

New

)180 mm

Captures
Coverage 2
R eca ture
~

18

<180 mm

3

) 180 mm

<180 mm
)180 mm
<180 mm
Total

) 180 mm

24
7

<180 mm

Table 4. Shell-wear classes for 31 tortoises captured in 1987 on the Trout Canyon Desert Tortoise Study Plot,
Clark County, Nevada. ? = Shell-wear class unassigned.
Size/Age Class
~MCL

Shell-Wear Class
4
5
6

?

Tot al

J uvenile 1 (<6 0 m m )
Juvenile 2 (60-100 mm)

3

Immature 1 (101-140 mm)

1

Immature 2 (141-180 mm)
Subadult (181-207 mm)
Adult 1 (208-240 mm)

7

3

1

Adult 2 () 240 mm)

3

4

2

12

Unassigned Adult
Total

0

5

3

11
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7

3

0

1

10

1

1

2

31

age classes, exhibited bone thinning or surface pitting. Sexes were equally represented. I n addition, four of
the 21 shells had pits or perforations along or adjacent to costal-marginal scute seams and bridge-rib bone
sutures. These bone sutures lie directly under or are slightly offset beneath the costal-marginal scute seams.
This scute seam - bone suture condition was observed in size/age classes Immature 2 to Adult 2 with both sexes
represented. Anal scutes of three adult males seemed partially abraded or were missing nearest the anal aperture.

The carapace of one of these males had an unusually lumpy build. This individual also had relatively thin shell
bones.
Evidence of scavenging or predation was observed in six remains. Tortoise claws and hide were found
in a coyote (Canis latrans) feces. The other remains were of shells with tooth marks mainly on the margins. All
shells collected from the study plot were limbless.
Burrows - Three hundred thirty-three burrows were located. Of these, 100 burrows were considered of recent
or current use. Burrow distribution seemed somewhat clustered, particularly for burrows recently used relative
to unused burrows. T w o h u ndred eighteen (66%) of all burrows, and 68 (68%) of the recently-used burrows
were found in Quadrants 1 and 4. I n Quadrant 1, one burrow contained partially exposed pieces of egg shell
at the entrance. The condition of this nest indicated use in a previous year.
Forage Use — Observations of tortoises eating plants occurred between 7 May and 13 J une. Plant species in
descending frequency observed were: Prenanthella exigua (7 times), Bromus rubens (2 times), Gilia sp. (1 time),
Camissonia scapoidea (1 time), Erodium cicutarium (1 time), Eriogonum sp. (1 time), and Eurotia lanata (1 time).
Consumption of the succulent new-growth of Eurotia lanata occurred at a time when most annual plants had
already cured.
Vegetation
Annual Plants — Total mean production of annual plants on lower and higher elevations of the study plot were
194.6 kg/ha and 342.3 kg/ha, respectively (Table 6). Annual grasses, represented solely by Bromus rubens,
accounted for over 90 percent of the relative biomass from lower and higher elevation areas. The statistically
greater (P<0 . 02 ) biomass production of the higher elevation area was attributed to annual grass production
(Table 6). D i f f e rences in the variability of f orb production between lower and higher elevations precluded
statistical comparison of mean estimates.
Perennial Plants - Differences in assemblages of perennial vegetation on the study plot were evident from belt
transect results (Table 7). Species composition for the eastern portion (Quadrant 4 locale) of the study plot was
less than half that of other areas. However, when compared to these other areas, the density of Larrea (1,700/
ha) and Krameria (2,900/ha) was observably greater while a lesser density of Ambrosia (350/ha) and Erioneuron
(1,300/ha) was indicated. S p e cies composition for belt transects in Quadrants 1 and 3 ( r epresentative of
remaining portions of the study area) was similar. Differences in vegetative characteristics between the Quadrant
1 and Quadrant 3 l o c ales w ere m ore subtle. R e l ative t o Q u adrant 1 , t h ese differences w ere a g r eater
representation of Ephedra and Aristada in Quadrant 3 (Table 7). T he incidence of Coleogyne (blackbrush) in
Quadrant 1 represents a southern transition to a Coleogyne dominated assemblage on old desert pavements.
Not all plant species identified on the study plot were represented in transect data sets. A list of plant
species is provided in APPENDIX B.
Occasional observation of old, charred woody plant stems on th e st udy p lot indicate that f ire has
occurred. Unfortunately, records of fire in this area are unknown. Present condition of perennial vegetation, f airly
large woodrat middens, and lack of old, charred tortoise remains indicated that fire was not recent.
Effects of historical and recent livestock and wild horse grazing on species composition and structure
are unknown for the study plot locale. P e rennial grasses, Oryzopsis hymenoides and Stipa speciosa, we re

sparsely represented and often occurred within the canopy of woody shrubs. This observation may be evidence
of grazing pressure in the past (Bob Stager, BLM Range Conservationist, pers. comm.). T h e o c currence of
Oryzopsis and Stipa within the canopies of shrubs may also indicate favorable microclimates for these grasses
in an otherwise harsh environment. Present stature and form of perennial shrubs, especially Eurotia (winterfat),
indicated good plant condition.
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Table 5. Estimated time since death determined for 31 tortoise remains collected in 1987 from the Trout Canyon
Desert Tortoise Study Plot, Clark County, Nevada. (n) = number of individuals where sex was undetermined,

Size/Age
C~lsss MCL

(1 ye ar
M
F
~

n

Time Since Death
1 -2 years
2 4 yea rs
M
F
n
M
F
n
~
~

4 - 10 ye a r s
M
F
n
~

) 10 yea r s
M
F
n
~

(2)

immature 2
(141-180 mm)

(3)

Subadult

(181-207 mm)
Adult 1

1

1

1

1

(4 )

2

1

3

2

(1)

(208-240 mm)
Adult 2
( ) 240 m m )

1

(3 )

Unassigned Adult
Unassigned
Size/Age
Total

13

Table 6. Mean estimates of biomass production for annual plants in 1987 on the Trout Canyon Desert Tortoise
Study Plot, Clark County, Nevada. Mean estimates represent areas differing both in annual plant production and
elevation. 9 5 '%%d confidence bounds (Zar 1984) accompany man values.

Type

Relative
Biomass

Relative
Elevation

Annual

Biomass
(x3 a t S.E.)

Lower

Forbs

16.8 x

Grass

1 77.8 *

Total

194.6 + 8 4 . 7 k g/ha

Forbs

27.8 x 16.2 kg/ha

Grass

314.5 x 66.8 kg/ha"

Total

342. 3 a 72. 2 kg/ha

Higher

Frequency

(%)

6 . 5 k g / ha
8 4 . 0 k g / ha

23

49

91

24

51

100

47

100

20

40

92

30

60

100

20

100

Significant difference (P ( 0 . 0 2) between lower and higher elevations.
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Relative
Freq u e ncy
('%%d
)

Table 7. Results from three 2 x 1000 m belt transects for desription of perennial plant assemblages in 1987
on the Trout Canyon Desert Tortoise Study Plot, Clark County, Nevada.
Density
u adran t

(No./ha)

S ec i e s

700

Larrea tridentata

K

1 3
ifl
Ambrosia dumosa

M

d

~fh

d

at

•
d

t

Relative
D ensity

I

Can o p y
Volu me

cm3/ha)

R elat i v e
r'eequnccv

Rel a t ive
Volum e

(2)

(2)

19.14

6.87

2.00

3.19x108

1,100

3.15

3.42x107

2.05

19

11.87

2,600

7.44

1.0lx108

6.06

25

15.62

150

0.43

4 .20xl 0 6

0.25

1,000

2.86

1.26x10

7.55

23

14.37

1.88

900

2.58

8.17x10

0. 49

10

6. 25

Eurotia lanate

1,200

3.43

2.91x10

1.75

16

10.00

Encelia frutescens

l d 250

3.58

3 .l l x l 0 7

1.87

5.62

250

0.72

5.79xl06

0.35

1.25

50

0. 14

1.32x10

0.01

0.63

50

0.14

8.06xlO

0.48

0.63

350

1.00

1.86xl O

11.19

3 1'7

48.26

0.63

0.42

0.63

~A

0•

K

~f i t

t

~O

h

tt

1

1

1

~Lcium ander sonii
Salazaria mexicana

Yucca brevifolia
•t

~t l

1

A ris t ada 8 l a u c a
~0

*

~h

t

Ei

td

E l h l l

Total

Larrea tridentata

50

0.14

8.03x10

50

0.14

6.96xl O

150

0.43

2.86x10

50

0.14

1.51x10

25,050

71.67

5.97x10

34,950

100.00

1.66xlO

850

2. 91

4.53x10

2.74

1.29xlO

850

2. 91

5.94x10

t

900

3. 08

1.24x10

P•

1,200

4.11

1.53x10

2,350

8.05

8.64xl O

150

0.51

2 .43xl O

50

0.17

1.25x10

~L cium andersonii

50

0.17

1.74dx10

Salazaria mexicans

tl

d

~E h

d

~ 1 •

d

Eurotia lanata
Encelia frutescens
~d

t

h

1

1

0.51

1.33x10

0.17

8.05x10

Yucca sch i d i

era

50

0.17

6.28x10

~3 3

t1f l

50

0.17

6 .62xl O

1,350

4.62

8.56xlO

17 , 7DD

60.62

4.57x10

29,200

100.00

9 .04x1 0

Larrea tridentata

1,700

25.95

8.29xl O

K

ffl

2,900

44.27

7.05xlO

Ambrosia

du m osa

350

5.34

5.41xlo

M

et

150

2.29

5. 70x10

150

2.29

6.22x10

El

h ll

Total

• 1

d

~ED d

11
Total

E

d

1

3 3 h 11

1 , 3 00

19.85

2 .2l x l O

6,550

100.00

1.02x10

127

5
9

7

8
7
7

5

50

Kt

6

5

150

Ari s t a d a S l a u c a

4

1.91x10
8

Yucca brevifolia

hf *

6

7

9.08

tf it

8

8

800

1 E

Ambrosia du mosa

6
8

2,650

K

5

6
7

5
4

5
5
5

8
7
7

7
4

9

0.00

1.25

0.09

0.63

0. 04

30

18.75

100.00

160

100.00

50.09

7.26

2.12

16

8. 94

14. 26

32

17.87

6.57

16

8.94

13. 70

14

7.82

1.69

15

8.38

0 5(7

25

13.97

0.03

1.12

0. 01

0. 56

0.19

0.56

1.47

1.12

0.09

0.56

0.01

0.56

0.07

0.56

0.09

2. 23

0. 05

35

19.55

100 . 00

1/9

81.15

23

31.08

6.90

31

41.90

100.00

5.30

9.46

0.56

4. 05

6.09

4.05

0.00

100.00

9.46
74

100.00

DISCUSSION
The relatively lo w p o p u lation size of 4 1 t o r t o ises estimated in t h i s s t ud y a g rees w it h p r evious
determinations of low to moderate relative densities of tortoises for the Pahrump Valley (Karl 1983). In addition,
the observed proportion of 24 tortoises > 18 0 mm MCL to 7 tortoises < 18 0 m m MCL was similar to that for
the Last Chance study plot where population size was also low (Karl 1980),
Ninety-five percent confidence bounds were large for point estimates of tortoises in the > 1 80 mm MCL
(30 x 2 5 ) and < 1 8 0 m m MCL (11 x 5 9 ) size/age groups. These large confidence bounds were attributable
to the greater proportion of new versus recaptured animals in the third plot coverage. The proportion of animals
> 180 mm MCL was seven new versus two recaptures, and two new versus zero recaptures for animals < 180
mm MCL. These proportions were the result of the low number of captures occurring during the second plot
coverage.
Insufficient search time during the second plot coverage seems responsible for the low n u mber of
captures. Support for this comes from capture data from the first and second study plot coverages. Tw entyone of the total 31 individuals were tallied during the 21 days of the first plot coverage. I he second plot coverage
of nine days resulted in a tally of 11 individuals being captured. Five of the animals captured during the second
plot coverage had been captured during the first plot coverage. What is important here is that 27 (87%) of the
total 31 animals were captured by the end of the second plot coverage. This observation leads to the suggestion
that two or more plot coverages may be required during times of peak tortoise activity to achieve an adequate
proportion of th e population receiving marks in the initial marking period. T h u s , the greater probability of
encountering previously marked individuals in subsequent recapture periods would reduce the proportion of new
to recaptured animals. The overall effect would be a more precise population estimate reflected by a smaller
95% confidence interval. The achievement of small confidence intervals is important when population estimates
will be compared over time for determinations of population trend.
Shell-wear assigned to 19 of 22 individuals > 1 80 mm MCL varied from Class 3 to 5; three were assigned
to Class 6. No tortoises were assigned to Class 7 (Table 4). This observation may indicate a relatively young
adult population. Unfortunately, the relationship of shell-wear to age is not well understood (Berry and Turner
1984).

Scute concavity is usually seen in older adults exhibiting shell-wear of late Class 5 and above (Berry and
Woodman 1984a). T his sunken appearance is indicative of the thinning of underlying bone and thickening of
scute edges associated with advanced age. In this study, tortoises of shell-wear Classes 5 and 6 exhibited some
concavity of carapace scutes. However, the sunken appearance of scutes on seven tortoises was not expected
for the shell-wear and size/age classes to which these individuals were assigned. The sunken condition of scutes

in these younger or smaller individuals may rel'lect developmental anomalies related to past scenarios of diet
quality (Jarchow 19 87, unpubl. ms.). Local climatic condition, habitat composition and structure, stochastic
events (e.g. fire, flood), and human land-use practices all influence daily and seasonal abilities of tortoises to
acquire nutrition, energy, and water for self-maintenance and reproduction.
The crude mortality rate of 5.7 percent for tortoises > 180 mm MCL in this study was higher than that
of about 2 % pe r year (or less) reported for stable populations (Berry and Woodman 1984b; Esque 1986).
Provided that the present estimate of population size reflected the population size for the past four years, the
relatively high mortality rate may be attributed to the pulse in mortality (n = 5) occurring in the 1 985-86 period.
This pulse in mortality was coincidental to below average (128 mm; data for Pahrump, Nevada from 1969 to
1987) precipitation during 1985 (62 mm) and 1986 (82 mm) in the study plot locale. A lack of forage availability
associated with two successive seasons of low precipitation may have been directly or indirectly responsible
for the pulse in tortoise mortality. However, the cause of the pulse in mortality is not important in interpreting
present information. W hat may be illustrated is the possibility of a stochastic event inflating tortoise mortality
during a relatively short interval (four years) which may not reflect the actual mortality rate experienced by a
long-lived population. A l t ernatively, an equally valid speculation is that the crude mortality rate reflected the
effects of long-term nutrient deficiency in tortoises resulting from past grazing practices. This last scenario is
similar to that suggested by Jarchow (1987, unpubl. ms.). Although there are no grounds to entirely reject the
value of the crude mortality rate, it has never been validated and caution should be exercised in its interpretation.
The importance of predation as a factor affecting tortoise population size and structure is unknown.
S tudy design precluded determination of th e i m portance of t o r toises in diets of p r edatory animals, or t o

distinguish predatory from scavenging activities. Six shell remains showed evidence of scavenging or predation
activities by coyotes or other mammalian predators. No evidence of avian predation, or of excavated tortoise
nests was observed. In addition to coyotes, kit foxes (Vu/pcs macrotis), badgers ( Taxidea taxus), bobcats (Ly
rufus), golden eagles, (Aqui/a chrysaetos), red-tailed hawks (Buteoj arne
/censis), common ravens (Corvus corax I,

nx
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and coachwhip snakes (Masticophis f/age//urn) were predatory animals inhabiting the study plot locale. These
predatory animals are known or suspected of consuming tortoises and their eggs (Luckenbach 1982, Esque
1 986).
Sixty-six percent of all tortoise burrows and 68 percent of recently used (1987) burrows were in
Quadrants 1 and 4. In a qualitative sense, soils in these quadrant locales seemed more conducive to excavation
of persistent burrows. Several burrows were grouped together, and tortoises were known to use certain burrows
repeatedly. Further study is warranted to determine how soil characteristics may influence spatial distribution
of this burrow-dependent reptile.
Whether or not past grazing practices have directly or indirectly affected the Trout Canyon tortoise
population is unknown. L i vestock grazing has not occurred in the Trout Canyon locale for at least ten years.
Although change in species composition is evident by the presence of Bromus rubens and Erodium cicutarium,
it may be expected that natural processes of plant recovery should occur during this time. Explanation for the
greater production of Bromus rubens in the eastern portion (higher elevation) of the study plot compared to the
western (lower elevation) portion may be related to soil or other physical characteristics favoring growth of this
annual. Effects of winter-use by the few free-roaming horses in the eastern portion of the study plot, although
noticeable, seem minimal. T his view is supported in part by the good condition of key forage plants such as
Eurotia (winterfat).
SUMMARY
The relatively low p opulation size (31 observed, 41 estimated) of to rtoises may be attributed to its
occurrence in the n o rthern reaches of th e g eographic range for th e d esert to rtoise. I t i s i n t e resting that
supposedly larger populations occur in more northerly latitudes in the Coyote Springs Valley (Esque 1986) and
Mormon Mesa locales in southern Nevada. Short duration of the study precluded determination of increasing
or decreasing population trend.
The objective of this study was to provide baseline information about tortoise population parameters and
habitat in the Pahrump Valley. T h i s i nformation can be used as a reference for future w ildlife or land-use
decisions. However, population parameters quantified in this report are not definitive and should be interpreted

as pilot estimates. For example, reproduction and immigration were not measured, hence their contributions
to offset the effects of mortality and emigration are unknown.
The Trout Canyon Desert Tortoise Study Plot may become the site for a t o rtoise relocation study.

Because trend of the tortoise population and habitat condition is not well-understood (as is the case for other
areas in Nevada), the response of resident tortoises to relocation efforts cannot be predicted. Study design for
examining relocation efforts should focus on methods sensitive enough to detect significant deviations from
normal behavior of both resident and relocated tortoises. These methods may include detection of abnormal
changes in activity periods, distances traveled and rates of travel, thermo- regulatory behavior, or reproduction.
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Appendix A
Summary of tortoise captures in 1987 on the Trout Canyon Desert Tortoise Study Plot, Clark County, Nevada.
Time intervals for study plot coverages were: Coverage 1, 4 May - 2 June; Coverage 2, 2-11 June; Coverage

3, 12-20 June. MCL = maximum carapacelength.
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5 J un e
18 M ay
1 1 May
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2

1
3
2

31
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M
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2 12
240
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223
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221
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2,181
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2 68
1 68
26 0
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229
131

31

2,408
2,554
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13 June
18 June
8 June
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F
M

M
?
M
?
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221
257
226

?
F
M

F
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Appendix B
Plant species observed in 1 98 7 o n t h e T r out Canyon Desert Tortoise Study Plot, Clark County, Nevada.
Terminology follows the National List of Scientific Plant Names (USDA 1982).
Famil
~

~Secies

~Famil

~Sec ice

Graminae

Aristada glauca
Bromus rubens
Eri oneuron pulchellum
Or yzopsis hymenoides
Stipa speciosa

Polemoniaceae

Gilia sp.
G. filifolia
G. setosissima

Hydr ophyllaceae

Phacelia crenulata

Gnetaceae

Ephedra nevadensis

Boraginaceae

Liliaceae

Yucca brevifolia
Y. schidigera

Amsinckia tessellate
Cryptantha micrantha
Pectocar ye platycarpa

Labiatae

Salazaria mexicana

Polygonaceae

Chorizanthe brevicornu
C. rigida
Eriogonum sp.
E. inflatum
E. nidularium

Sole naceae

Lycium andersonii

Scrophulariaceae

Castilleja sp.

Plantaginaceae

Plantgo insulari s

Asteraceae

Acamptopappus sp.
Ambrosia dumosa
Calycosens wrlghta
Chaenactis carphoclinia
C. macrantha

Chenopodiaceae

Eurotia lanata

Ranunculaceae

Delphinium parishii

Papaveraceae

Eschscholtzia glyptosperma

Brassicaceae

Streptanthella longirostris

Rosaceae

Coleogyne ramosissima
Prunus fasciculata

Krameriaceae

Krameria parvif lore

Geraniaceae

Erodi um cicutarium

Zygophyllaceae

Larrea tridentata

Loasaceae

Mentzelia sp.
Petalonyx parr yi

Cactaceae

Echinocactus polycephalus
Echinocereus engelmannii
Ferocactus acan thodes
Mammalaria sp.
Opuntia basalaris
O. echinocarpa
O. erinacea

Onagraceae

Camissonia scapoidea

Oleaceae

Mendora spinescens

C. stevioides
Encelia frutescens
Monoptilon bellioides
Prenanthella exi gua
Psilostrophe cooperi
Rafinesquia neomexicna
Stephanomeria pavciflora
Xylorhiza tortiflora
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STATUS AND MAN A G E M E N T PLAN DECISIONS FOR THE DESERT TORTOISE NATURAL
AREA
Patricia E. McLean and Jeffrey B. Aardahl
Abstract. The Desert Tortoise Natural Area, a 16,000 acre Preserve for the desert

tortoise (Gopherus agassizli) in the western Mojave Desert of California, was established by
the Bureau of Land Management in 1976 to protect habitat supporting the highest known
densities of t h e d e sert t o r t oise. M o n i t o ring o f t h e t o r t oise po pulation and o t her f i eld
observations revealed that significant declines in the tortoise population are occurring due
primarily to human activities and predation. A t h i r d generation management plan is being
completed and includes management actions designed to eliminate or significantly reduce
factors responsible for the significantly high rate of tortoise mortality and population decline.
Major actions to be taken include increased law enforcement patrol, firearm closure, reduction
of predation, increased land acquisition efforts and requesting local government assistance in
controlling undesirable activities occurring in the area.

INTRODUCTION
The Desert Tortoise Natural Area was established by the Bureau of Land Management in 1976 in the
western Mojave Desert of California to protect habitat supporting the highest known, continuous densities of
the desert tortoise I Gopherus agassizii ). The Natural Area received increased federal recognition in 1980 upon
d esignation as Area of Critical Environmental concern in the California Desert Conservation Area Plan. I n

addition, the title of Research Natural Area was added. Both these designations carry special significance and
require mandatory protection and regulation of land use activities by the Bureau of Land Management. Since
1976, two habitat management plans were prepared and significant progress was made in implementing the
many actions needed to p r otect the area. A t h i r d g eneration management plan has been completed that
addresses 1) the Area of Critical Environmental Concern; 2) the habitat protection measures completed; 3) the

continuing problems; 4) additional actions required to maintain the natural conditions and halt vandalism; and
5) the need to continue a monitoring program.
Existing Situation

Protective Actions - Between 1976 and 1986 the Bureau of Land Management implemented many protective
actions identified in the habitat management plans for the Natural Area. Initial protection of the area came in

1973, when the Bureau closed a majority of the public lands in what is now the Natural Area to vehicle use.
However, lack of a perimeter fence made it very difficult to halt vehicle encroachment and there were no law
enforcement Rangers. The following protective actions have been taken under management plans written in
1976 and 1979 :
1. Closure of public lands to sheep grazing in 1976;

2. Installation of a perimeter fence in 1977-1978;
3. Habitat restoration — removal of trash, old buildings and fencing two mine shafts;
4. Withdrawal of 14,000 acres of public land from entry under general mining laws plus all private lands

when they are acquired;
5. Ac quisition of 1580 acres of private land;
6. Construction of visitor facilities in 1980, consisting of a kiosk with natural history displays, nature

trails, toilets, and a small vehicle parking area;
7. Establishment of two permanent tortoise population trend study plots and collection of population
data.
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R esearch - Between 1975 and 1 9 83 , th e Natural Area has been the location of research conducted by 1 2
individuals from the academic and scientific communities. Subjects studied included the effects of sheep grazing
on tortoises and other reptiles, raven predation on juvenile tortoises, breeding-bird censuses, kit fox ecology,
and others.
Tortoise Population and Trend - Recent estimates of tortoise density were obtained from two permanent study
plots covering a land area of approximately four square miles and one additional plot covering one square mile.
Tortoise density ranges from approximately 230 to 400 per square mile, It is possible that some areas in the
northwestern portion of t h e N atural Area support significantly higher densities. M o n i t o ring revealed that
p opulation density is i n creasing or st able in th e i nterior but s ignificantly decreasing in th e v i cinity of t h e
Interpretive Center and possibly around the perimeter where human activity is concentrated.
Adverse Effects — Field studies revealed that significant adverse effects to the tortoise population and facilities
lfence, Interpretive Center) are the result of human activities and abnormally high levels of predation on juvenile
tortoises by ravens. H uman related losses occur from collection, shooting and road kills. Raven predation on
juvenile tortoises is much higher here than at other study areas in the Mojave Desert (Berry et al. 1986; Berry
1985). This is likely because of a greater raven population due to nearby residential and alfalfa growing areas.
The wood posts used in the perimeter fence provide convenient raven perches which evidently enhance raven
predation on tortoises (Campbell 1983).
Two miles of unfencedboundary remain on the westside. This is a continuing problem as it fails to stop
encroachment from off-road vehicles and sheep, even though the area is closed to both of these uses.
Law enforcement patrol by Bureau Rangers occurs, but is too infrequent to be effective in deterring illegal
activities such as tortoise collection and shooting, off-road vehicle and sheep trespass, and vandalism to facilities
such as the fence, signs, and the Interpretive Center. Little, if any, patrol on private lands is done by local law
enforcement personnel.
Future Actions
The 1987 management plan calls for significant changes in the management of the Natural Area. These
changes were justified based upon monitoring and field observations, plus a review of t h e effectiveness of
previous administrative actions. Also, comments received from several organizations and agencies on the draft
m anagement plan i d entified several additional protective actions n eeded t o m e e t t h e o b j e ctives o f t h e
management plan. M any of these actions are being incorporated into the final plan. The priority actions to be
taken in implementing the new plan are:
- Maintain signs around the perimeter four times each year. Existing signs will be used and will be
installed at the rate of eight per mile.
- Increase law enforcement patrol at the Interpretive Center and along all boundaries. A m i n imum of
eight hours per week, plus a minimum of four hours per day during weekends and holidays from March 1 to June
1 is needed for effective law enforcement patrol by BLM Rangers and Wardens from the Department of Fish and
Game. An additional BLM Ranger position is required to implement this action and will be requested for FY 1988.
- Closure of the entire Natural Area to firearm use, plus a one mile wide zone around the perimeter. This
will require assistance from California City and Kern County.
- Request that California City and Kern County control or restrict undesirable land uses adjacent to the
Natural Area boundary such as vehicle racing and free-play, and sand and gravel mining.
— Modify the perimeter fence and Interpretive Center buildings and structures to eliminate raven perches.
- Study the overall raven predation problem on desert tortoises at the Natural Area after fence and building
modifications. R a ven population density, movements, food habits, and roosting and nesting areas will be
identified. The goal will be to determine if direct reduction of the raven population is needed to prevent abnormally
high predation on t o rtoises, and if so , i m plement. T h ese determinations and actions w ill be implemented
cooperatively with the Department of Fish and Game and the U.S. Fish and Wildlife Service.
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- Prohibit collection of all wildlife and plant species in the Natural Area, unless approved in a research
proposal.
- Acquire priority private land through direct purchase using funds from the Federal Land and Water
Conservation Fund and through land exchanges. A request has been submitted to the Bureau headquarters in

Washington for securing $3 million from the Land and Water Conservation Fund from 1988 through 1992.
Concurrently, land exchanges of parcels of 40 acres or greater will be programmed with a goal of completing
the acquisitions within eight years. There are approximately 40 parcels in this category to be acquired through
exchange.
— Within two years, acquire easements and fence the tw o m ile gap along the w est boundary. This
schedule is designed to provide for fence construction if land acquisition is unsuccessful.
- Request that Kern County inform the Bureau of all tax delinquent lands available for purchase or possible

retention by the State or Kern County as ecological reserves or public open space.
- Continue to provide research and study, including the review of research proposals under a standing
agreement between the Bureau, Department of Fish and Game and the Desert Tortoise Council.
— Maintain biological and habitat continuity with Fremont Valley through limiting conflicting land uses.
- Continue monitoring efforts on the permanent trend plots at four year intervals, and summarize visitor
use and law enforcement activities annually.
- Continue to manage the area cooperatively with the Department of Fish and Game under Sikes Act
authority, and with the Desert Tortoise Preserve Committee under a recently approved cooperative agreement.
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DESERT TORTOISE PRESERVE COMM ITTEE — 1987 STATUS REPORT
George E. Moncsko
Background
The Desert Tortoise Preserve Committee (DTPC) is a private non-profit corporation formed in 1976. The
principle purpose of the committee is to promote the welfare of the Desert Tortoise (Gopherus agassiziil in the
wild in the southwestern United States and with the purpose of establishing and maintaining a Desert Tortoise
Natural Area in the western Mojave desert. That Natural Area was formally established by the Bureau of Land
Management (BLM) in 1980 as a Research Natural Area to protect the desert tortoise populations and habitat.

The Natural Area was also designated as an Area of Critical Environmental Concern (ACEC) in the BLM's 1980
Plan for the California Desert Conservation Area. Also, as part of the 1980 plan, the Western Rand Mountains
ACEC was identified. This area is adjacent to the northeastern part of the Natural Area and was established to
protect wildlife values including the desert tortoise and the state-listed rare Mohave ground squirrel.
The Natural Area is located in a part of California which historically included the highest density of tortoise
populations in the United States. The region had tortoise populations estimated at 500 to 2,000 per square mile.
At the present time the Natural Area population is only 10-40% of the historical numbers.
This paper reports on the activities and status of the DTPC in 1987, For the past couple of years, the
Committee, in concert with other organizations, has been making a major effort to establish significant mitigation
and compensation consideration as part of desert development projects. This has started coming together this
year with tentative agreement on several projects. The Committee has also been working for improved habitat
management on desert lands, with direct efforts on the Desert Tortoise Natural Area (DTNA), plus input, review,
and comment on various management plans. A c quisition of private land within the DTNA is always a priority
and this past year we have continued to make purchases. We have launched a major fund raising campaign,
our Lifeline Fund, to augment a major land acquisition program by the BLM.
Land Acquisition
When the area that was to become the Desert Tortoise Natural Area was designated in 1972, there were
approximately 16 sections of private land within the 39 sections comprising the boundaries. By the beginning
of this year, the private land total had been reduced to approximately 9.5 sections. With funds raised from our
past fund raising appeals and from compensation funds from LUZ Engineering Corp. for their Kramer Junction
plant, we purchased 254 acres in the Natural Area. In addition, another ten acres inside the Natural Area were
donated to the Nature Conservancy, who holds title to all lands acquired by the DTPC.
The Committee received a request from the BLM State Director, Ed Hastey, for our opinion of what was
required for improvement of the Natural Area. One of our high priority issues is establishment of a buffer around

the Natural Area to protect the edges from impacts, and expansion of the area to provide a larger population
base to better meet the needs of maintaining a viable wild tortoise population in the western Mojave desert. That
resulted in a request from Ed Hastey for a proposal to expand the Natural Area.

The Committee prepared and submitted in September a proposal in which we researched the land
ownership on the east, west, and north boundaries of the Natural Area as to number of parcels and number of
owners, generally within two miles of the boundary. We also looked at land ownership in the Fremont Valley
and in part of the Rand Mountains.
The proposal presented an up-to-date overview of the conditions the tortoise is facing in the area and
the trends in the population. We then presented specific phases for expansion of the Natural Area, in order of
priority, and a new Tortoise Intensive Management Zone. T hey are as follows:
1 . West Rand ACEC and adjacent portions of the Fremont Valley. T his is an area comprising 67 r i ' ,
only two of which are in private ownership. This expansion could be accomplished almost immediately and would

pick up a large portion of high tortoise density habitat.
2 . The east, west, and north border-lands of the existing Natural Area, in that general priority, T h e
proposal figures illustrated the acquisition of approximately 20 mi', mostly in private ownership:
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a. Two-mile extension of the east boundary with expansion of the southeast boundary to meet the
Randsburg Mojave Road. An eventual goal would be to construct a chain-link fence along that road, and along
the Natural Area south boundary, to keep in the tortoise and keep out sheep, ORVs, dogs, etc. Development

and recreation pressures will mandate a secure barrier in the future.
b. An approximate one-mile extension of the west boundary.
c. A zero to 1.5-mile expansion of the north boundary. There is no proposed expansion in the vicinity

of Koehn dry lake,
3. Establishment of a Tortoise Intensive Management Zone in the northeast Fremont Valley. This area

would not be a part of the expanded Natural Area but is adjacent to it. This land area completes the management
structure for the major population areas of the Fremont Valley. This would provide protection and management
for a large enough population base that it is expecteda viable wild population could do well.
The BLM response to our proposal was to state their priority on finishing acquisition of private in-holdings
within the present boundaries of the DTNA. F u rther, they stated that "...the information you present shows
that enlargement of the DTNA is feasible, would increase manageability, and would increase the likelihood of
maintaining a viable preserve." The BLM went on to state that they are in the process of preparing the Rand
Mountains- Fremont Valley Management Plan and "this plan will address the tortoise as a primary resource" and

"expansion of the West Rand Mountains ACEC eastward through the Fremont Valley will be considered ... to
improve tortoise management."
On another issue related to a c quiring DTNA private in-holdings, the Committee and its i n dividual
members strongly supported the Defenders of Wildlife/BLM congressional proposal for $600,000 from the Land
and Water Conservation Fund for DTNA and Chuckwalla Bench land acquisition. That proposal was passed and
signed by the President.
Natural Area Stewardship
In April we w ere pleased to host a VIP tour of the Natural Area for senior personnel from the BLM,
California Department of Fish and Game, The Nature Conservancy, and Chevron Corporation. even with this
being a dry spring on the desert, the weather that day was pleasant and we saw many tortoises and other species.

Outings such as this help increase the firsthand knowledge of tortoise issues as well as enjoyment of the
resource. It wa s at this meeting that the DTNA expansion proposal described above was requested.
The Committee, with BLM concurrence, has established a policy statement for placing bronze plaques
at the visitor kiosk on the Natural Area to honor individuals and corporations which make significant donations
to the Committee to further our work on the Natural Area. Past donors who qualify are being contacted to arrange

for a plaque, if desired. The first three plaques have been ordered and will be installed.
Maintaining the boundary fence integrity and performing visitor interpretive trails are other yearly tasks.
This year the DTPC and the BLM held two fence repair parties, in spring and fall. A t o tal of 25 people turned

out for these and we accomplished a total of 22 major repairs and 25 minor repairs. The workers also replaced
and added approximately 50 perimeter exclusion notice signs which were vandalized or badly weathered. We
also refurbished the nature trails this spring in preparation for spring visitors.

A total of 117 people participated in three spring guided tours and many others visited the Natural Area
on their own and signed the visitor log. The BLM estimates there are 5,000 visitors yearly to the Natural Area.
In addition to tours on the Natural Area, the DTPC presented 33 tortoise programs to 1,200 people in various

organizations plus 110 self- viewing programs to approximately 650 people at various turtle and tortoise shows.
This is a part of our continuing education and interpretation program.
Government Affairs

The DTPC maintains an active government affairs effort, primarily working with the BLM, and headed
by one of our vice presidents. T h e Committee has a signed cooperative management agreement (CMA) for
management of the Tortoise Natural Area with the BLM. One section of the CMA calls for an annual meeting

between the parties to review accomplishments and input requirements for the out years. The second annual
meeting was held in May and Natural Area work plans for the BLM fiscal year 1988 were reviewed with budget

allocations. Over budget work priorities were discussed along with out-year requirements. We also had an
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opportunity to discuss priority issues relating to overall tortoise habitat management, particularly the Fremont
Valley population.
The Committee submitted a proposed 1987 amendment to the California Desert Conservation Area Plan
to expand the Western Rand Mountain ACEC to include all the Fremont Valley which has tortoise habitat. This
proposed amendment was rejected by the BLM. We did provide review comments on all the published proposed
amendments. The Committee also provided review comments on the BLM draft report Mana e ment of Desert
Tortoise Habitat and the draft EIS/R for the Land Tenure Adjustment Project, being managed from the Barstow
office.
The BLM was authorized 20 new Ranger positions for the California Desert this year. The first Ranger
position filled was for patrol of the DTNA and vicinity. This is a welcome move which we and others have urged
for years. The increased BLM presence there will aid in reducing vandalism and increase visitor interpretation
and education. W e are happy to see such a positive action.
Last year the DTPC was invited to participate in a Desert District Tortoise Advisory Group set up by the
BLM California Desert District office. T h i s g r oup is composed of BLM personnel augmented by California
Department of Fish and Game personnel and private individuals representing the Desert Tortoise Council and
the DTPC. The objective is to prepare recommendations to the district manager on specific policies and actions
that should be taken to provide viable and stable tortoise populations in the wild. The w ork of the group was
c ompleted in 1987 and the recommendations forwarded to management for review and implementation. T h e
tortoise critical habitat area draft map and draft compensation formula developed by this group have been utilized
by the Committee and other organizations as a basis for actions on proposed development projects.
In other F ederal g o vernment a c t ions, t h e C o m m ittee s t r ongly s u p ported t h e e a r lier m e ntioned
congressional $600,000 appropriation for tortoise habitat acquisition. W e also opposed the HB1845/SB854
Bill, the Nevada-Florida Land Exchange Authorization Act of 1 987, the Aerojet facility bill. If passed this bill would
seriously threaten the Coyote Spring Valley tortoise crucial habitat in Nevada, and contribute an unknown hazard
to the area's ground w ater supply. T h e C o m mittee also responded to s everal congressional inquiries for
information on the Committee and the Natural Area.
On the state level, the Committee supported state listing of t h e t o r toise as a t h reatened species.
Comments were also provided on a Caltrans proposal to widen highway 58 w est of Barstow to m i tigate for
tortoise where the road crosses tortoise habitat.
Mitigation and Compensation for Lost Tortoise Habitat

LUZ Engineering Corporation is constructing a solar energy generating system (SEGS) at Kramer
Junction, California. The Desert Tortoise Council had taken the lead in developing initial tortoise mitigation and
compensation measures for the first units constructed (SEGS III, IV, and V). As compensation, the Committee
received $37,500 for DTNA land acquisition. The Committee purchased 160 acres in section 36 in the northeast
part of the Natural Area.
In another action, the DTPC has been working with the Kerr-McGee Corporation and the California Energy
Commission to establish compensation for four acres of tortoise habitat which will be lost through construction
of a cogeneration plant in the Searles Valley, California. Discussions have involved purchase of additional lands
in the Natural Area to compensate for habitat disturbance at the plant site. T h ere has been agreement for
payment of $ 2 5 , 00 0 fo r l and acquisition which still requires final approval before a construction permit is
granted.
The final major development proposal which the Committee has been working on this year is a proposed
vehicle test track in Cantil, California. This project will cover six sections of land (3,840 acres). Five sections
are old alfalfa farms and the sixth is undisturbed land adjacent to the northwest portion of the DTNA. We have
worked intensively to obtain mitigation and compensation for this project. W e are after multiples of new land
to be purchased for the undisturbed land lost, adequate rehabilitation of lands within the project not utilized by
the tracks, fencing of the site, raven perch and nesting site control, noise mitigation, and tortoise relocation and
monitoring. Of g reat importance in this project is the noise control. T h ere will be excessive noise impact on
the Natural Area, a National Resource, without mitigation. T h e p r oposed mitigation is to co ntrol the noise
entering the Natural Area to no more than 45 dBA. This will most likely be achieved through the use of earthen
berms around the track,
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Summary
The Desert Tortoise Preserve Committee is the primary private organization working for the completion
and management of the Desert Tortoise Natural Area. Our bylaws also state that we will work to promote the

welfare of the tortoise in the wild. To perform those responsibilities we have made significant land acquisitions
in the Natural Area, provided maintenance of the Natural Area, given tours there, and provided programs on the
tortoise. We launched a new project, the Lifeline Fund, designed to raise significant funding from new and
existing members, corporate and foundation grants. The program is to also include tortoise education and visitor
interpretation at the Natural Area.
To promote the welfare of the tortoise in the wild, we are working to achieve adequate mitigation and
compensation for new developments in the desert. We are also working to expand the protection of the tortoise
populations in the Fremont Valley, adjacent to the Natural Area, which are under heavy pressure from recreational
uses.
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SOME HABITAT CHARACTERISTICS OF THE EASTERN-MOST POPULATION OF DESERT
TORTOISES (GOPHERUS A GASSIZIR
Robert E. Parker

Abstract. Three high elevation desert tortoise sites in the eastern-most portion of tortoise

range in Arizona were checked. The elevations ranged from 1250 m to 1550 m. Some aspects
of the habitat were examined at the sites. At one site vegetation transects were run and we found
that Snake weed (Gutierrezia sarothrae) was the predominant species, though there was a good

cover of perennial grasses. Manzanita (Arctostaphylos sp.) berries were used in the fall. All sites
had relatively steep slopes and were oriented so as to receive the maximum solar energy. Soils
w ere generally shallow w it h exposed bedrock in places, B u r row s ites were plentiful at t w o
locations, but scarce at the third site. There is a large area of state, private, Forest Service, and
some Bureau of Land Management (BLM) land in the San Pedro watershed that has not been
inventoried for desert tortoises.
The eastern edge of the range of the desert tortoise falls within BLM's Safford District in Southeastern
Arizona. The range of the tortoise as described in BLM's Management Plan for Desert Tortoise habitat (USDI,
1987) generally follows an arm of Sonoran Desert Scrub (Brown and Lowe, 1980) in the San Pedro watershed.
It is bordered on the south by Chihuahuan Desert Scrub, on the west by the Santa Catalina Mountains and on
the east by the Galiuro Mountains. T h ese higher elevation communities contain Interior Chaparral, Madrean
Evergreen Woodland and Coniferous Forest at the highest elevations. The San Pedro River runs south to north
roughly through the middle of the Chihuahuan and Sonoran Desert Scrub communities.

The east side of the San Pedro watershed near the southern end of the Sonoran Desert Scrub rises from
850 m along the San Pedro River up to 1400 m at the eastern-most point of the slope, at the base of a rock
escarpment. The slope or bajada is dissected by a number of washes and canyons. The distance is about 13
km from the San Pedro River to the escarpment (Fig. 1).
The San Pedro River itself is not perennial but dries up at times of the year when tortoises would be active,
thus would not be a barrier to east-west movement. The riparian zone vegetation is variable with cottonwoodwillow, mesquite bosque, farmland, and abandoned farmland. T h i s area is used by box t u rtles (Terrapene
ornata).

The washes and canyons between the San Pedro River and the mountain escarpment are important to
tortoises because of natural cavities created in the banks. These are used by tortoises as burrows. The burrows

used by tortoises generally were those higher up onthe banks. One burrow I examined in January had two
tortoises about a meter in from the entrance. Woodrats had accumulated a large mat of cholla segments at the
entrance providing a defense against predators. The cavities are used by other animals as well.
Palo Verde cactus with some creosote is the main vegetation type at the lower elevations. C r eosote
becomes dominant further up the slope. There are areas with dense stands of perennial grasses, including Bush
muhly (Muhlenbergia portenl, particularly where the creosote gradates into semi-desert grassland, The desert

grassland habitat begins at the higher elevations and extends all the way to the rock barrier in the mountains.
At the upper end of the bajada is a steep slope, just below the escarpment.
This steep slope has a zone of woodland plant species made up of small oak and juniper trees 3-4 m high

and low-growing manzanita bushes. The area between this woodland vegetation and the rock escarpment is
grassland. T here are a number of scattered rocks and boulders in this zone for burrows. T h e soil is shallow
along the whole slope with limestone outcrops in places.
In September we located a burrow under a large rock with one tortoise inside and one outside about ten
m away. Both were adults, one of each sex. We marked them both with notching and epoxied numbers on the
rear. We found tw o m ore tortoises on this slope including an old male showing extreme shell wear.
I checked the area again in November and January and on both occasions found the female we' d marked
as number 1 in a burrow. The tortoise was in about 2 m from the entrance. I set up a vegetation transect with
four arms roughly following the four points of the compass. These were standard 30.5 m (100') line intercept
transects (BLM, 1984) used to measure cover. The results, in percent, of total available cover and are presented
in Table 1.
Total vegetative cover at this site was close to 50')6 for all four arms. In general, Snakeweed (Gutierrezia
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Figure 1. D iagram of the eastern side of the San Pedro Watershed.

sarothrae) was the dominant species with perennial grasses making up from 20 to 5 0% of c o v er.
Snakeweed often occurs in areas that are experiencing or have experienced heavy grazing in the past.
It appears that this area is not a pristine grassland and is dominated by a half-shrub component. There appears
to be an abundance of tortoise food in the form of perennial and annual grasses, and forbs. A d d itionally, the
berries from low-growing manzanita (Arctostaphylos sp.) shrubs are used by the tortoises in the fall.
In summary, this site is on a west-facing, 20' s l ope, with a good vegetative cover including perennial
g rasses. There are many potential burrow sites. The elevation at this site is 1400 m (4 6 9 2 ' ) .
Table 1. V e getation along four 30.5 m transect arms. N u mbers are percent of total available cover.
North Arm

West Arm

ecies

S e c ies
~

over

Gutierrezia sarothrae

37.8

Perennial Grasses

42.8

Prosopis j uliflora

26.8

G. sarothrae

30.3

Perennial Grasses

21.1

G. sarothrae (dead)

10.8

Aloysia wrightii

7.2

Fouqieria splendens

5.9

L ycium exsertum

6.6

Eriogonum wrightii

4.7

Fouqui eria splendens

0.5

Poly podiaceae

4.2

Dasylirion wheeleri

1.2

Total

100.0

99. 9

Total
East Arm
~Secies

South Arm
Se cies
~

5 i Co~vr

~% Ccv r

G. sarothrae

51.9

Perennial Grasses

52.8

Perennial Grasses

32.3

G. sarothrae

39.1

Eriogonum wrightii

11.6

Aplopappus larici folius 2

Prosopis j uli flora

2.6

Dasylirion wheeleri

2 .2

Aplopappus laricifolius

0.8

G. sarothrae (dead)

1 .9

G. sarothrae (dead)

0.8

Fouquieria splendens

1.4

Senecio longilobus

0.3

Total

100.0

Total

.2

99.9

I checked another site 3.5 km (2.2 mi) to the south-southeast, also along the Galiuro Mountains, but
located at the base of a hill in very rugged country. This area is at an elevation of 1250 m (4100') and has similar
vegetation to the previous site. The slope was about 10 to 20 a n d f a ced to the west. I n t his area are many

large and small boulders under which are potential tortoise burrows.
The substrate was very hard with shallow soil. I found cavities with tortoise feces including one with
25 seats at its entrance. The seats were weathered to a similar extent so this appears to have been a heavily

143

used burrow. I w a s able to walk into one large cavity and found javelina (Dicotyles taj acu) feces so it appears
that these animals coexist.
We have reports of tortoises to the north of both sites along the west face of the Galiuro Mountains.
The distance from the southern-most point (at this time) to the northern end of the Galiuro Mountains is about
3.5 km, so there is a large area of potential tortoise habitat. Land ownership is primarily USFS and Arizona State
Land Department with a little private and BLM Land.
We checked the west slopes of the San Pedro watershed (east slope of the Santa Catalina Mountains)
a nd found three large tortoises in a burrow at the base of a juniper tree at an elevation of 1550 m (5020'). T h e
a rea surrounding this juniper was fairly open with much sparser vegetation than the previous two sites, T h e
substrate was limestone with much exposed bedrock. The slope was moderately steep (15 ) and south-facing,

CONCLUSIONS
1.

Eleva t i ons of the three sites ranged from 1250 to 1550 m (4 , 100 to 5 , 0 8 6 ' ) .
Slopes varied from 10 to 20 a n d had a west aspect in two cases and a south aspect in the last.
The slopes would allow the maximum in solar energy impact on these sites.

3.

V eg eta t i v e cover was abundant on two sites but sparse on the third site.

4.

So il s w e r e generally shallow with exposed bedrock at two sites.

5.

Potential burrow sites on the first two areas were abundant, though on the last site there

appeared to be limited number of burrow sites.
There is a need to look at more of these high elevation sites along the slopes of the Santa Catalina
and Galiuro Mountains. W it h increased data we may acquire a better understanding of why
tortoises occur where they do.
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A NEW GLOBAL ACTION PLAN FOR TORTOISES AND TURTLES
David Stub bs

INTRODUCTION
In recent years there has been growing awareness of the need for positive conservation action for
chelonians. Unfortunately there are still major gaps in our knowledge of the ecology, distribution and status of
many of the rarer and endangered species. This makes conservation planning all the more difficult, but no less
urgent. The Tortoise and Freshwater Turtle Specialist Group of the Species Survival Commission of the IUCN
has devised an Action Plan to stimulate further practical conservation for chelonians and to direct conservation
efforts towards clearly defined priorities. The Action Plan is not an academic reference document. It is a working
tool expressly aimed at ensuring that appropriate conservation action for chelonians actually does happen. This
paper presents a review of the key elements of the Action Plan, based on extracts from the original document.
The Action Plan is concerned with all non-marine chelonians, over 240 species altogether, of which more
than 200 are loosely known as freshwater turtles. The exact number of taxa is not clear as several undescribed
forms are known and others are in the process of review. For the purposes of the action plan, Iverson's checklist
(Iverson 1986) is used as the principal nomenclature basis. The number of species of land tortoises is currently
40.
Man has had a long association with chelonians. Most species are edible and, especially in developing

countries, they have significant value as a source of fresh meat and, in some cases, eggs as well. Unfortunately,
hunting intensity is frequently excessive and uncontrolled. This, together with the use of chelonians for other
products (e.g, souvenirs, aphrodisiacs, medicines) and for the international pet trade, is believed to be causing
a severe strain on wild populations. Chelonians are slow growing animals, not adapted to high levels of adult
predation and cannot replace such losses quickly enough. I hey are also variably susceptible to habitat changes
and pollution — some s p e cies are reasonably tolerant, w h ile others depend on th e m aintenance of f r agile
undisturbed ecosystems. Typically, the over-harvesting for food and trade has been the primary cause of species
decline, and then habitat destruction has provided the coup de grace - or sometimes vice-versa.
There are two over-riding and immediate concerns for the Specialist Group:
1. To ensure the protection and survival of all the threatened and vulnerable species of tortoises
and freshwater turtles throughout the world.
2. To achieve effective protection and management of selected areas supporting a high diversity
of chelonian species and/or an abundance of individuals.
In order to achieve sustainable conservation measures, the Specialist Group fully recognizes the absolute
importance of habitat protection and management, coupled with a firm basis of support from local people. This
is a crucial point and it must be understood that social and economic factors will ultimately decide the fate of
most species. In this regard it is essential to have regional conservation strategies embracing the key points from
the various specialist group action plans, which can be integrated with %e wider social issues upon which real
species conservation depends.
In devising the Action Plan, the Tortoise and Freshwater Turtle Specialist Group recognizes its own, and

IUCN's, limitations in relation to providing long-term management and funding. The group, under the cochairmanship of lan Swingland and Peter Pritchard, serves as one of many groups of experts from around the
world, providing technical advice to the Species Survival Commission of IUCN. In the context of the Action Plan,

the Specialist Group envisages itself in a catalytic role leading to the fulfillment of the above goals. The Group
does not have resources for permanent active management, or land purchases — these are seen as the remit of
governmental and non-governmental organizations in the countries is question. H o w e v er, th e Group can
contribute on behalf of IUCN along the following lines:
— Identifying and publicizing the conservation requirements of tortoises and freshwater turtles.
— Carrying out status surveys and developing pilot projects.
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- Liaising and cooperating with other conservation groups and development agencies, so that, where
appropriate, chelonian projects can lock into existing or intended conservation programs.
- Monitoring and advising on projects - not to run the entire program.
— Applying pressure on governments and other decision makers to solve internal problems and establish

in-house conservation programs.
- Encouraging and lobbying for international agreements.
- Creating and increasing public awareness of the importance of tortoise and freshwater turtle
conservation, both in respect to their vital ecological functions and their place in the natural heritage of
the world, and particularly of the countries and areas in which they occur.
Within the limitations imposed by lack of information on many species, the Action Plan addresses the
current priority program of the Tortoise and Freshwater Turtle Specialist Group. Given its worldwide scope, the
plan concentrates on securing conservation action for the most endangered species and for areas with the

greatest concentrations of priority species. The latter may include several commoner species which are not
currently threatened, but which are considered as an important recourse by local communities, and for which
a carefully controlled harvesting model is likely to be the most effective means of sustainable conservation. Subs pecies, or species threatened in one country but w h ich are sufficiently widespread in others not to be in
imminent danger of extinction, are generally not included. Such cases arecertainly worthy of inclusion in national
or regional conservation strategies, and would receive the support of the Specialist Group. Indeed the Group
welcomes new conservation initiatives directed toward any chelonian species, and also maintains a close interest
in existing projects.
A final note of caution — an Action Plan alone cannot save all tortoises and fresh-water turtles for all time,
but if we are to avert major losses in the world's chelonian fauna and to maintain its current diversity, we need
to establish immediately a solid foundation of conservation action. The priority program contained in the Action
Plan is the Tortoise and Freshwater Turtle Specialist Group's contribution to this aim.
Assessing Conservation Priorities for Chelonians

It is inappropriate to attempt rating conservation priorities according to some numerical ranking, because
of the general lack of reliable field data for many species. This would give a false impression of objectivity, when
in fact the only basis for selecting projects is inevitably a subjective assessment of the incomplete information
available. C o nservation action frequently depends on opportunity, so it can be limiting if an attractive and
fundable project is scored low on some hierarchical scale of priorities, inflexible to changes in circumstances.
All projects presented in the Action Plan are considered important. The different categories accorded
to each species are a reflection of the nature of the conservation action required, not the relative urgency of the
projects. A l l species on the updated IUCN Red List are given an Action Plan Rating (APR):

APR 1: Specific projects required for species known to be badly threatened or heavily exploited.
APR 2: This category covers all the species of very restricted distribution and about which little is known.
Most are believed to be in need of active protection and possibly other conservation measures, but status surveys
are required first to establish which kind of conservation action would be most appropriate. Following a status

survey, species would be moved into category 1 if specific action is required, or they would be removed to a
pending list - no imminent action necessary - if found to be doing sufficiently well.
APR 3: More wi despread than category 2 s pecies but nonetheless believed to be in n eed of s ome
conservation action, possibly limited to a p art of t h eir total range. L a c k o f i n f ormation prevents detailed
conservation proposals; essentially, therefore, a waiting list of species of concern. S t atus surveys generally

needed to confirm need for specific action. Detailed project proposals would be needed before transferring any
of these species to category 1.
APR 4:Species already in receipt of some conservation action. So few species have received any positive
attention that it is worth highlighting the specific cases. Further funding and continued action is necessary in
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some cases. Even for those species which are now reasonably secure, the Specialist Group needs to maintain
a close interest, since the various techniques developed may have important applications for current priority
projects, and the status of the species could deteriorate if there is any lapse in conservation effort.
Table 1 breaks down the total species list to show which realms and families hold the species most in
need of conservation. This is the first step towards identifying areas where groups of species can be protected
under a general conservation initiative. T h ere are altogether 93 (3 7%) of the 25 4 s pecies requiring priority
conservation action, 35 (38%) of which occur in Asia (the Indomalayan realm). This realm has both the highest
number of species (61) and the highest proportion (57%) which need positive conservation. The Neotropics
is the second most deserving realm in this respect, with 23 (39%) of its 59 species in need of conservation.
In all the other realms the proportion of priority species is less than 23% .
The main thrust of the Action Plan is, therefore, directed toward Asia and South and Central America.
Some countries have a w e l l d e veloped nature conservation program and t h ere i s l ess n eed fo r o u t side
involvement from IUCN. This is generally the case for Australia, South Africa and the USA. However, this must
not induce a sense of complacency in developed countries and the Tortoise and Freshwater Turtle Specialist
Group welcomes conservation initiatives on any species of chelonian, no matter where. Furthermore, a number
of projects in the USA and Europe, for example, are developing techniques and experience which will provide
invaluable background for applying to new projects in other countries. It is, therefore, important for the Specialist
Group to maintain a close interest in the long-term viability of established projects, and to ensure that the relevant
accumulated experience is effectively disseminated to project workers in other parts of the world.
General Consevation Action Recommendations
Several distinct types of conservation action can be envisaged. These are best described under two main
categories: short-term projects with a fixed end point, and long- term projects requiring permanent commitment.
Short-term. or Fixed Duration Projects:
Status surveys - The current state of knowledge of most species, particularly the freshwater ones,
dictates that status surveys form a major component of the Action Plan. However, merely reporting on
the status of a species and improving the accuracy of information on distribution and abundance does
not in itself achieve direct conservation benefits, although in many cases this information is an essential
foundation for establishing effective, longer-term conservation action. S pecies selected in the Action
Plan for status surveys include all those which appear to be most vulnerable by virtue of their restricted
range and/or specialized habitat requirements (i.e, APR group 2). Most projects nominated for APR group
3 species will also require a status survey component as a preliminary stage. Where possible, the cost
effectiveness of status surveys has been increased by focusing on groups of species believed to inhabit
the same general area - i.e. the species assemblage approach.
To maximize the conservation effectiveness of status surveys, a set of g u idelines has been
produced. This covers both the field work phase, involving the establishment of positive links with local
people, understanding their social and economic relationships with the target species and how they might
benefit from conservation measures, and a followup period to establish the necessary political, cultural
and educational framework for future conservation action.
Guidelines for a Full Species/Population Status Survey
The following items should be included in the work program for all future detailed status surveys.
Ecological Field Work:
— Habitat requirements, including nesting sites, feeding areas and, where relevant, hibernation or
aestivation areas, including assessment of stability of habitat and threats from alternative land uses.
- Population density; assessments more probably relative than absolute, based on observation
frequencies in different sites and habitats.
- Population size structure and sex ratio.
- Evaluation of population trends.
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Table 1. Regional distribution of species in need of conservation.
Realms'

AUS+ 0

AF

M

NA

NT

IM

Total speciesAPR Group 1
APR Group 2
APR Group 3
APR Group 4

21
1

37
1
2
2

9
1
2
1

1

3

49
0
4
7
4

59
4
9
9
1

9

21

0

CARETTOCHELYIDAE
APR Group 1

EP

WP

TOTAL

61

8

10

7

0

0

11
17

0
0

0
2

254
14
30

0

0

1

41

7

39
10

1
1

CHELYDRIDAE

APR Group 3
DERMATEMYDIDAE
APR Group 1
EMYDIDAE; BATAGURINAE
APR Group 1
APR Group 2

59

5
8

APR Group 3

1
5
2

EMYDIDAE; EMYDINAE
APR Group 2
APR Group 3

29
4

KINOSTERNIDAE
APR Group 2
APR Group 3

11

14

1

2
2

5
8

10

11
35

5
6

5

25
2

3

PLATYSTERNIDAE
APR Group 3
TESTUDINIDAE
APR Group 1
APR Group 2

16
1
1

5

APR Group 3

2

1

APR Group 4

1

3

TRIONYCHIDAE
APR Group 2
APR Group 3

5

CHELIDAE
APR Group 2
APR Group 3

4

1
4

APR Group 1
APR Group 2

1
1

3

19
2

PELOMEDUSIDAE

4
1

6
2
2
1

13
1
5
19
5
2

1

2

25
1
6

38
7
2

16

4

27

1

1
1

2
3

'AUS = Australian Realm

NT

0 =
AF =
M =

IM =
EP =
WP =

NA =

7
10

APR Group 3
Ocea n a
C o n t inental Africa
Mad a g ascar
Neartic

40
4
4

=

Neotropics

Indomalaya
Eastern Palaeartic
Western Palaeartic
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Locally Related Research:
- Assessment of local people's attitudes to chelonians.
— Exploitation; note whether tortoises or turtles are killed or collected for local use or traded further afield.
Actual uses of captured animals. A lso note size structure and sex ratio of harvested animals.
— Accessibility of main chelonian populations; vulnerability to exploitation?
- Ownership of relevant land; could a reserve be established?
Groundwork For Future Conservation Program:
- Assessment of likely local attitudes to a conservation project. W hat benefits would be of interest to
local people?
- Economics of exploitation. How valuable are chelonians to the local economy and what would be the
effect of reducing the exploitation to a sustainable level, or halting it altogether? What alternatives could
be envisioned?

- Liaison with local officials and community leaders.
- Assessment of current legal protection, especially degree of enforcement, and need for further
legislation.
- Determine availability and willingness of institutions based in host country to support and/or carry out

an eventual conservation program, Identify key personnel, both potential field workers and research
supervisors, who could undertake program.
- Establish need for training of potential local field officers.
- Evaluate likely costs of a locally based project.
- Assess potential for integrating a particular chelonian conservation project with a w ider habitat or
species assemblage protection initiative.
Reporting:

- Copies of all status survey reports must be lodged with IUCN headquarters at Gland, Switzerland,
funding organizations, the chairs of the Specialist Group, the appropriate regional coordinator of the
Group and, where relevant, the chair of the Captive Breeding Sub-committee.
S anctuaries - T here are potentially many o p portunities to a c hieve small scale protection of s o m e
chelonian populations in third world areas by designating sanctuary areas. For example, some religious
lands can offer refuge to otherwise heavily exploited species. Likewise, there may be private land owners
sympathetic to conservation, who are willing to support a sanctuary on their land.
The sanctuary, or source area concept, offers complete protection for a breeding nucleus of a
population. When the source population increases in size, animals spread out to colonize outlying areas
where some exploitation is allowed. Th e protected nucleus ensures the survival of the population.
Long-term Continual Input Projects:
Reserves - In many third world areas where large scale habitat destruction and exploitation are massively

threatening many species, the establishment of special reserves is potentially the cost effective longterm conservation measure, but can be very difficult to achieve.
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Reserves need to be large enough to provide sufficient feeding and nesting areas for a viable population{s)
o f the t a rget s pecies. T h e y m a y s e rve as s o urce areas providing stock fo r e x pansion into a n d
repopulation of exploited areas. Associated problems here will include ensuring that neighboring areas
of habitat are not destroyed, nor over-exploited. Reserves also need to be adequately funded to provide
for staff, equipment and educational material, sufficient to ensure full and enforced protection of the
reserve area and general appreciation and understanding of the project among the surrounding local
population. C o ntrol of poaching will never be easy, especially since rare tortoises and turtles will be
valued for the international pet trade as well as a local food source. T he most effective reserves are,
therefore, likely to be those established for their wider faunal and floral value, and which can draw from

a wider pool of resources and funding opportunities.
Hatcheries and Nest Area Protection - For many species the main threat occurs at nesting areas, where

both adult females and eggs are easily taken. In the case of migratory or wide ranging species, it would
usually be impractical to establish an all embracing reserve area, and the most realistic solution would
be to concentrate on protecting nesting areas. This approach is envisaged particularly for the colonial
nesting, large river turtles. These species typically use traditional nesting sites and are frequently heavily
exploited as a result.
The preferred method is to achieve protection of the nesting sites, so that the natural course of
incubation and hatching can be followed. W h ere such controls are not practicable, or where there is
also a valid reason for head-starting, a hatchery and protected rearing program needs to be established.
This is a more expensive and technically difficult operation, but is frequently the most viable option. In
all cases great care must be taken to ensure that the effects of environmental sex determination do not
lead to the production of unnatural, imbalanced sex ratios. This is an area where the Specialist Group
can play an important role in coordinating research and liaison between interested parties.
Captive Breeding - Captive breeding projects in the Action Plan are concerned solely with the ultimate
release into the wild of captive bred specimens for repopulation and restocking programs. Commercial

operations are not encouraged since they frequently depend on a continual supplementary harvest of
wild stock, are very difficult to monitor and control, and on balance offer dubious benefits.
Wherever possible, captive breeding for conservation projects will operate within the natural
range of the species concerned. Before such rearing and release schemes can be initiated, it is essential
that the causes of a species' rarity are understood, and that these factors are no longer operating, or

can at least be controlled and taken into account.
Other key action points:
Close Seasons - In several cases it may be politically more feasible to limit the exploitation of a species,
rather than t o b a n al l h u nting and c ollecting. C o u p led w it h a n a p propriately-pitched educational

campaign, it should be possible to persuade collectors and hunters of the need to keep within a
sustainable cropping level. The operation of close seasons can effectively protect species at their most

vulnerable period, usually the nesting season. This can also serve to prevent a disproportionate toll on
females from the populations.
I n India, for example, a d ual close season policy is r ecommended; December to A p ril f o r

"hardshells" and August to November for "softshells.

This reflects their respective vulnerabilities at

nesting time, yet also allows year round harvesting of one species or another, thus avoiding hardship
to those people who rely upon turtles as an important dietary component. Enforcement is also easy in
this case because there is no need for wildlife officers to be able to identify individual species, just general
types of turtles.
Market Monitoring - One of the simplest and most effective means of assessing legal exploitation levels
is to monitor major market centers. Simple abundance on market stalls is not necessarily an indication

of threat - indeed it may suggest the continued existence of large populations of such species in the
market catchment area. B u t m a rket monitoring will detect changes in relative numbers of different
species sold; changes in the size classes captured may indicate a deleterious effect of exploitation on

the wild populations; prices may reflect difficulty of capture; and the appearance of different species,
including known rare ones, can be used as an early warning of the likely need for conservation action.
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Protection and Law Enforcement - The Specialist Group is always concerned about increasing the
effectiveness of national and international laws relating to chelonian protection. P ressure from group
members, or advice to other conservationists actively lobbying for tighter controls, is cheap and simple,
yet potentially of great value for species and area conservation.
In some cases inappropriate species are protected and this can tend to lower the credibility of
otherwise useful legislation. International conventions like CITES, and national laws should accurately
reflect the rarity and degree of threat to given species. IUCN specialist groups are well qualified to advise
legislators on specific cases for inclusion or deletion from protected lists.
Research and Liaison - Another valuable role for the Specialist Group is the coordination of research and
captive breeding efforts across the world. T h ere are numerous species in different regions requiring
largely similar conservation action. There is, therefore, much potential value in collaborative research and
applying the results of one study to other situations, without endless redevelopment of basic techniques.
Aspects of greatest mutual interest are:
—captive breeding husbandry, including provision of conditions likely to produce natural sex ratios and
natural, healthy growth in hatchlings;
- harvesting models, to determine sustainable exploitation levels for important food species in third world
countries;
- relocation studies which monitor the subsequent fate of animals released into the wild.
The Specialist Group has established a Captive Breeding Sub-committee under the chairmanship of
Professor Walter Sachsse to provide an advisory service to chelonian conservation projects throughout
the world. A m ong its aims will be the updating of priority lists of species needing captive breeding and
identifying suitable personnel and institutions to carry out these programs.
E ducation - T his e mbraces many of t h e a b ove project categories and is a v i ta l i n gredient in a n y
conservation initiative.
Th e r e are tw o p articular levels of focus. First, the specific, project-related
education programs that deal particularly with local people and officials, to compliment the on-ground
conservation work. This is vital to achieve the respect of local land-owners, fishermen, forestry workers
etc., without whose support there is little realistic prospect of mounting effective long-term conservation
projects. Second, the general, world-wide promotion of chelonian conservation, aimed at governments,
large corporations and agencies, the general public in urban areas and throughout the developed world,
and potential funding sources. This diffuse and long-term side of education can be continually maintained
by publications, press articles, films, videos, lectures, seminars, exhibitions, slide packs and the like.
Some of these can be produced for profit, w ith the proceeds recycled into direct turtle and tortoise
conservation projects.
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TORTOISE CONSERVATION THE FRENCH WAY: A SPECIES RECOVERY PROGRAM FOR
HERMA N N'S TORTOISE IN THE MASSIF DES MAURES, SOUTHERN FRANCE
David Stubbs
INTRODUCTION
Despite several decades of mass collecting of tortoises for the pet trade in Europe and increasing concern
for the fate of wild populations from this and other negative factors, such as forest fires and increasing pressure
of tourist developments on fragile habitats, no effective, practical conservation initiative was attempted until as

recently as 1 985. Any protection for populations within nature reserves was incidental and not the primary focus
of the management. So the creation of SOPTOM (La Station d'Observation et de Protection des Tortues des
Maures - effectively the Massif des Maures tortoise conservation trust) in May 1985 was a significant land mark
in conservation history in the Mediterranean.
Within three years the project has attracted considerable support, sufficient to enable it to develop a
major conservation center, which is hoped will lead the way to other practical conservation projects for tortoises

around the Mediterranean. Indeed, the SOPTOM experience may even have valuable influence on other projects
much further afield, and it is with this in mind that this paper has been presented.

Background
One of the strengths of the SOPTOM program is its derivation from a detailed three year research study
carried out by Dr. Ian Swingland and myself of the Ecology Research Group, University of Kent (Stubbs and
Swingland 1985, Swingland and Stubbs 1985). In turn we drew considerable benefit from the work of Mare
Cheylan (Cheylan 1981), of University of Montpellier, who provided the foundation stones of tortoise ecology
in France.
The Massif des Maures, a range of low, forested hills, in the Department of Var, southern France — on
the edge of the popular tourist resorts of the French Riviera - is recognized as the last stronghold of Hermann's
tortoise on mainland France. The massif extends over some 60 km by 30 km, but it soon became apparent that
within this area tortoise populations were thinly scattered and generally of low density. The tortoise population
structure is heavily skewed in favor of old adults, due to the lack of recruitment over the last couple of decades

resulting from mammalian predators destroying nearly 95% of the nests each year. This has developed because
of habitat deterioration leading to an over concentration on tortoise nests in the few suitable nest sites remaining.
Elsewhere the species, which is divided into an eastern and western sub-species occurs widely across
the northern Mediterranean, being most abundant in the east, in Yugoslavia and Greece. Th e w estern subspecies (Testudo hermanni - N. B., until recently widely known as T h. robertmertensi, see Hour 1987) is in
contrast much more limited in extent and generally more threatened. The few Italian populations are of doubtful
origin and purity, and also seem to be very small; on mainland Spain and in the Balearic islands, the natural
populations are also very reduced, which leaves only Corsica, where tortoises are still reputedly common and
the Massif des Maures.

The conservation of this species is therefore of considerable regional importance, and in France where
i t is recognized as the country's most endangered reptile, the project has high national significance. T h e
European Convention on the Conservation of European Wildlife and Natural Habitats lists Hermann's tortoise on
Appendix II, the highest protected category; while in France, which curiously is not a signatory to this convention,
there is strict (on paper only) internal legal protection for the species.
But of even greater relevance than the macro-political scene, is the local situation w h ich enabled
SOPTOM to develop so effectively. Our three year research project did not simply run as a clinical field study,
objectively charting the decline of another quaint species. It soon became apparent that the tortoise ecology was
intimately associated with traditional land management and our work brought us into close contact with the local
community.
Despite its p r oximity t o t h e r ic h t o urist coastline, the M assif des M a ures remains a largely rural
community, still with low intensity, traditional, peasant cultivations. The older people of the area form very much
an insular community, although their traditional methods are gradually (one might say rapidly) diminishing as
younger generations are attracted away from the country to work in towns. L i v ing full-time in a small village

for the duration of our field project, and working long hours in the forest, rather like the local shepherds, I was
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able to earn the respect and interest of the local people. In this way was seeded their awareness and concern
for the tortoise, which is so much a part of their local natural heritage, but which had hitherto been taken so
much for granted.
Developing sympathy among the local people was not in itself going to achieve direct conservation, but
in such areas you would be unlikely to get very far without their support. Practical nature conservation is very
alien to traditional country people who are used to wildlife around them all the time, even when (as they admit)
there is less around now t han a few y e ars ago. H o w e v er, the situation by 1 98 4 w a s r ipe for activating a
conservation project, and it is this background that has contributed so much to the early success of SOPTOM.

The Formation of SOPTOM
Having set the scene, the initiative was taken up by a Frenchmen, Bernard Devaux, living in the Massif
des Maures. He and a herpetologist friend, Jean-Pierre Pouvreau, contacted me, via the mayor of my old village,
to register their interest in doing something positive for tortoises.
Although not a native of Provence, Devaux does live in the area, so we could count on someone being
"on-site" all the time. Devaux and Pouvreau hadnot previously been involved in direct nature conservation work,
but instead they had c o nsiderable experience and enthusiasm for audio-visual techniques and developing
publicity material. I knew the technical ecological problems and the wider international conservation movement.
Together, in May 19 85, w e f o rmed SOPTOM and immediately set about publicizing the plight of Hermann's
tortoise in France and proposing a positive program of action, our "Programme de Sauvegarde" (Devaux et al.

1 986).
We rapidly gained support in the immediate area - the village mayor became our first Honorary President
— and from ARPON, the regional conservation society for Provence, and also from international bodies such as
the Fauna and Flora Preservation Society and the)UCN. We also began to recruit paying members and attracting
small donations to help SOPTOM become established.
Curiously, the only unfavorable initial reaction came at the national level, from the Paris-based French
Herpetological Society. T hey had two concerns: first, being a scientific body they were reluctant to endorse
a "popular" project without examining in detail our technical program and, second (again a typical scientist's
worry), they w ere w o rried that by generating publicity we w o uld risk attracting collectors to th e area and
effectively undo any good our project intended to do . D e b ate on this point has been crucial in determining
SOPTOM's direction and progress and is central to nature conservation as a whole.
The SOPTOM argument, which has ultimately prevailed, is that to do nothing would mean watching
Hermann's tortoise decline to the point of extinction in France within 30 to 50 years, maybe sooner. But to do
something positive, necessitates resources and commitment. T his means both financial backing and support
from land owners, managers, authorities, etc. W i t h out adequate publicity none of this can be achieved on a
sufficient scale. M o r eover, at SOPTOM we reject the elitist approach to nature conservation which regards
wildlife as private property to be seen and appreciated only by those in the know. To us good species conservation
is much more than simply preserving a distinct gene pool. The species approach is a means of focusing attention
on a popular symbol, thereby generating greater awareness and support for conservation which ultimately leads
to effective habitat protection benefiting whole species assemblages, The risk of collectors taking some tortoises
is real, but is insignificant against the greater good a well coordinated, popular project can achieve. We published
our conservation action program in 1986 .

The Conservation Program
This was designed to operate on two simultaneous levels - action and education. The former is the real
practical conservation work, but it cannot be effective without the latter which ensures that our work is perceived
as relevant and important to the local community, as well as by a wider audience.
Field Work
This part of the program has been derived from the research projects carried out during the early 1980's,

mentioned above. There are three major elements:
Population census — supported by a 3-year grant from WWF France, SOPTOM is carrying out a thorough
survey of the Massif des Maures and neighboring areas to determine the present day distribution of the
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species, its overall abundance and to identify all sites containing critical habitat. A l ready some strong
populations have been located, while other seemingly suitable sites are under populated.
Habitat management - SOPTOM is engaged on a program to restore former nesting sites, to relieve the
pressure on the populations which are limited to very few nesting areas, thereby hopefully reducing the
density dependent predation levels. This work will ultimately extend to new sites where conditions can
be made suitable for reintroducing tortoises.
Protected rearing - (Head starting), whereby juvenile tortoises, hatched in SOPTOM's enclosures can
be kept under natural, but protected conditions until they are about 5 years old, w hen they can be
released into the wild free from the risk of the majority of predators. Originally this was conceived as
a means of ensuring some wild laid eggs were hatched - natural nests being removed to our safe outdoor
incubators before predators had a chance to eat the eggs. However, this proved very costly in time and
effort for the few nests that could be located. Despite knowing several regularly used nest sites, we
have to witness a tortoise actually in the process of nesting to be sure of finding eggs. We had already
decided that nest site protection was not a realistic option.
T he removal of w i l d l aid eggs and replanting them in s i milar but p r otected conditions w ithin ou r

enclosures was very successful, with over 80% hatching success, but the sample size was insufficient to justify
the work. However, our publicity campaign was having a major unexpected spin-off. Many people in the region
came to offer their pet tortoises to SOPTOM to put back in the wild. T hese animals which had been collected
from the Massif des Maures over the last few decades were ecologically redundant in private back yards, yet
their owners like tortoises and want them to remain in the provlnclal forests. So SOPTOM suddenly became
a means by w h i c h p e o ple c o uld c o ntribute t o s p e cies conservation t o c o m p ensate fo r t h ei r u n w i tting
depredations of earlier years.
Not only are these donated animals potential stock for reintroduction, but they can also provide SOPTOM
with captive breeding stock, to guarantee a large turn-over of eggs, without having to take a single wild adult.
And the captive breeding techniques are not a problem because all the enclosures are effectively protected
patches of natural tortoise habitat, within the species' natural range.
Certainly we need to be careful about the genetic stock we are dealing with. S o m e people offer us
Testudo gracea and even the Florida red-eared terrapins. But the true Hermann's of the western race can clearly
be told apart. I n addition, Charles Blanc of the University of Montpellier has carried out electrophoretic tests
on blood samples taken from a sample of tortoises from all over the Massif des Maures, which effectively
demonstrated that the French population can be regarded as one (Blanc et al. 1988). The greatest problem has
become one of providing sufficient facilities to care for the number of animals in our charge.
Publicity and education
Having decided to follow a high profile course, it was vital that SOPTOM's public awareness campaign
did not falter. Ignorance and misunderstanding can be the greatest enemies of achievement. The publication
of the "Programme de Sauvegarde" coupled with an intensive poster campaign, regular press articles, stands
at village fairs where various goods are on sale and where, most importantly, people can come and ask questions
and talk tortoise and, latterly, appearances on regional and national TV and radio, have all been of immense value
in developing a positive image of the project. M embership has also been very important. We now have nearly
400 paid up members, mostly in the region, who help to spread the word about our activities.

Occasionally we have to respond to negative attitudes. Once there was a local rumor that we were only
in the business of selling tortoises. Immediately we held a press photocall to witness the release of a batch of
tortoises into the wild. But more and more it became apparent that we needed some facility to capitalize on the
vast wave of interest in our work and also to be able to demonstrate to everybody how a conservation project
operates and why it is important.

We had one other pressing worry. Fund raising is a slow and tedious business. Many before us had
balked at the effort involved and the frequent disappointment of being turned down. What we wanted was
something original and exciting to sell, which would also in its own right generate substantial extra funding on
a regular basis. Bernard Devaux proposed the "Village des Tortues."
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The Tortoise Village
At the end of 19 86, the prototype design for the Tortoise Village led to SOPTOM being awarded the
prestigious " Prix Fondation Nature et P atrimoine, a s n a t i onal w i nners of t h e F or d s p o nsored European
Conservation A w a rds fo r R ural Zone projects. T h e a t t e ndant nationwide press coverage this generated
convinced us that the Tortoise Village would be a going concern; and in May 1987, a full scale funding appeal
was launched, following an offer from the Gonfaron town council to donate one hectare of land to our project.
The Tortoise Village is designed to be a combined conservation base and visitor center. The public is
i nvited to visit the Village to see and learn about all the technical aspects of a tortoise conservation project. A t
the same time the entrance fee monies and proceeds from sales goods will enable us to maintain the scientific
side of the program.
The theme of the Village is purely conservation and information. The message is to concentrate on the

local fauna and flora, with, of course, particular emphasis on tortoise ecology, the reasons for the species' decline
and the methods we employ to reestablish the species. W e w a n t v isitors to feel they are participants in a
conservation program, not simply tortoise voyeurs, as though at a zoo. This participation is achieved in several
ways. Simply visiting the Tortoise Village is a contribution in itself, while those with pet Hermann's tortoises
at home can consider returning them to SOPTOM. Some pet owners in the region have several animals in their
gardens and actually manage to breed them. These people are usually happy to give us the hatchlings, but prefer
to keep the adults. Other visitors may become full members of SOPTOM, or want to help take part in field survey
work. There will be a nature trail leading from the Village so that visitors can try their hand at finding wild animals.
We have a tortoise sponsorship scheme, launched in November 1987 in Le Vie des Betes magazine,
which in five months has raised over $6,000 and is set to continue on a long-term basis. Visitors to the Village
can check up on ' their' tortoise in SOPTOM's grand register, although the actual animals are wild individuals
at liberty in the Massif des Maures.
Ultimately, there will be a fully-equipped lecture theatre, a "diorama" on the life history of Hermann's
tortoise and a pictorial museum of the world's tortoises.
The fund raising plan offered specific items within the Village for dedicated sponsorship, and in the event
this has proved a popular formula - almost certainly more so than asking for general contributions to a global
construction budget. Enough money has been raised to guarantee opening on 28 May 1988, exactly one year
after launching the appeal. Th e basic facilities include a reception hut and sales kiosk, a rest area and bar,
warden's accommodation, enclosures for captive breeding, a juvenile tortoise nursery, pre-release pens, a
quarantine enclosure for new arrivals, an incubation area, providing the most suitable conditions for nesting, a
small store room/laboratory, toilets, perimeter fencing and general services such as electricity, telephone,
sewerage and water. T h ere will also be an artificial stream and pond for Emys orbicularis, the local species of
freshwater turtle and France's only other native chelonian.
The whole package, including publicity and printing information and display material will have cost less
than S30,000. T his is a bargain price and is due especially to the dedicated work of SOPTOM volunteers who
have actually done all the construction work under Bernard Devaux's supervision, thereby avoiding any labor

costs. Moreover, the enthusiasm generated by this close-knit work force has provided SOPTOM with a superbly
effective on-ground team of local activists. The project is now much more than the combined efforts of the three
originators, and has gained widespread acclaim and attention throughout France and Europe generally. This is
all the more remarkable considering the pioneering nature of this type of conservation project in Mediterranean
Europe, a region which has until now been almost a closed book for conservationists.
SOPTOM's goal for the Massif des Maures is to see that the entire range of Hermann's tortoise in France
is included within an officially designated R egional Natural Park. T h i s w ill take several years to achieve, but
meanwhile the stimulus from the Village des Tortues will hopefully ensure more effective conservation of the
species and, at the same time, put conservation firmly on the regional agenda.
A CKN O W L E D G E M E N T S
I would like to thank the Desert Tortoise Council for inviting me to address this symposium. I hope our
efforts in France will provide some inspiration for your valuable work here in the Western USA.
On behalf of SOPTOM, I would like to thank the following organizations and individuals for their support

and sponsorship of the Village des Tortues: Le Conseil Municipal de Gonfaron, Mr. Cheilan, Conseil Municipal
des Mayons, C. Vergari, Conseil General du Var, DRAE (Aix en Provence) ARPON, L, Jullien, P. Orsini, M.
Cheylen, F. Bonin, Les Mutuelles du Mans, SERA, FFPS, J. Burton, T. Langton, Societe Herpetologique de France,
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J. Lescure, M. Dumont, Societas Europaea Herpetologica, WWF France, Operation Tortoise, I. Swingland, BTCV
IS. England), K. Mellen, La Vie des Betes, BBC Wildlife Magazine.
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ROLE OF DIET PROTEIN AND TEMPERATURE IN THE NUTRITIONAL ENERGETICS OF
THE TURTLE, TRACHEMYS SCRIPTA: IMPLICATIONS FOR THE NUTRITIONAL ECOLOGY
OF THE DESERT TORTOISE
Harold W. Avery
Abstract. Ju venile turtles (Trachemys scripta) we re used as representative chelonians in nutritional
experiments to determine the roles of dietary protein and ambient temperature on the growth rates and digestive
performance in t h i s r e p t ilian group . T ur t l e g r o wt h r a te s w e r e p r o f oundly aff ected b y d i e t ary p r otein
concentration; those c o nsuming 25 % a n d 4 0 % c r ud e p r otein diets grew s i gnificantly faster t han t h ose
consuming a 10% crude protein diet. In fact, those turtles fed 10% crude protein ad lib. exhibited a significant
decline in body mass and body size. Measurements of food consumption rates, digestion rates and digestive
efficiencies showed a positive relationship with increases in ambient temperature, and there was a significant
interaction between dietary protein concentration and ambient temperature on digestive rates. T h ese data
suggest that lo w d i e tary p r otein concentrations may i m pose an i m portant developmental and n utritional
constraint on free-living juvenile chelonians. Implications for the herbivorous juvenile desert tortoise (Gopherus
agassizii) inhabiting relatively less productive, xeric environments are discussed.
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DESERT TORTOISE AND GILA MONSTER REINTRODUCTIONS ALONG I HE CENTRAL
ARIZONA PROJECT
Sheryl L. Barrett and Susan D. Harper
Abstract. Twenty desert tortoises (Gopherus agassizii) were removed from the Picacho Mountains, Pinal
County, Arizona, prior to and during construction of the Central Arizona Project canal from July 1984 through
October 1986 . T h e t o r t oises were kept in a Phoenix, Arizona backyard until construction was completed.
Sixteen tortoises were released in April 1987 near their original capture sites. Of that total, 14 were equipped
with radio transmitters and monitored weekly through November 1988. H ome ranges were determined. Data
were collected on activity periods, foraging behavior and response to the canal. N o t o rtoises were recorded
within the canal right-of-way which was fenced with a tortoise barrier. One tortoise used a culvert to cross under
the canal; no tortoise use of wildlife bridges over the canal was recorded, and four tortoises had encounters with
the barrier fence. F i f teen (94'/o) of the 16 re-introduced tortoises appeared to resume normal behavior and
movements after release in 1987, and exhibited high fidelity in 1988 to the home ranges occupied in 1987. Data
were also collected during the same period on Gila monsters (Heloderma suspectum).
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TEN YEARS OF MONITORING DATA FROM THE DESERT TORTOISE NATURAL AREA
INTERIOR, CHUCKWALLA BENCH AREA OF CRITICAL ENVIRONMENTAL CONCERN,
AND CHEMEHUEVI VALLEY

Kristin H. Berry, A. Peter Woodman and Craig Knowles
Abstract. The Bureau of Land Management monitored four permanent tortoise study plots at the Desert
Tortoise Natural Area (DTNA) interior; Chuckwalla Bench; Chemehuevi Valley; and Shadow Valley, California.
The findings from the first three plots are summarized here. Sixty-day spring surveys were conducted at the
DTNA interior plot in 1979, 1982, and 1988. The interior plot, which is in the north-central part of the DTNA,
receives little human use. In the ten year interval between 1979 and 1988, population densities declined about
50% from 387 tortoises/mi' (95% confidence interval [Ci] = 297-505) to 195/mi' (95% Cl = 151-253). At t h e
same time, the population composition changed from 54% adults in 1979 to 82 % adults in 1988 . J u v eniles
declined from 27% to 12% over the same interval. Losses of juveniles and immatures are attributed to excessive
raven predation. Recruitment of juveniles into the subadult and adult classes has virtually ceased. Population
declines can be attributed to excessive raven predation and a highly contagious viral respiratory disease, probably
introduced through unauthorized release of a sick captive tortoise.
The Chuckwalla Bench plot is in the Chuckwalla Bench Area of Critical Environmental Concern in the
southern Colorado Desert. Sixty-day spring surveys were also conducted at the Chuckwalla Bench plot in 1979,
1 982, and 1 988. The Chuckwalla Bench population appeared stable or increasing between 1 979 and 1982 with
estimated densities in 1982 of 578 to rtoises/mi' (95% Cl =458-732). D ensities declined precipitously about
50-70% between 1982 and 1988. By 1988 the population estimate was 167 tortoises/mi' (95% CI-118-238).

Declines were observed in all size-age classes. Population composition showed shifts similar to those observed
at the DTNA interior, with juvenile and immature tortoises declining from 42% in 1979 to 28% in 1988, while
adults increased in frequency from 49 to 66%. Vandalism, vehicle kills, and an unidentified disease contributed

to the extraordinary losses over a six year period. The unidentified disease may have played the primary role
in the losses.
The Chemehuevi Valley plot received 60-day spring surveys in 1979, 1982, and 1988. This population

has experienced gradual increases in density over the last 10 years, but the increases are not significant at the
95% CI. In 19 79, estimates were 162 tortoises/mi' (95% CI = 121-217) vs. 224/mi i n 1 988 (95% CI = 182277). Population composition has changed also. Since 1979 juvenile and immature size classes have increased
from 46 to 56% , and adults have decreased from 36 to 3 1% . R a ven predation may be affecting the smaller
juvenile cohorts. Factors affecting long-term population changes and future stability include military maneuvers
in the 1940s, the adjacent Highway 95, off-road vehicle use, ravens, and shooting.
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1988 ACCOM PLISHMENTS AT THE DESERT TORTOISE NATURAL AREA
Jayne Chavez-Scales
Abstract. In 1 9 8 8, t h e D esert Tortoise Preserve Committee (Committee) continued many on-going
programs for land acquisition, stewardship, government affairs, and relationships with industry. For example,
the Committee provided to the Nature Conservancy funds for acquisition of 294 acres. The Committee was also
awarded a $100,000 grant for land acquisition of boundary parcels from the California Department of Fish and
Game. The Committee's Lifeline Fund and Lifeline Director, Curtis Horton, played a major role in the $100,000
grant. To develop mitigation and compensation packages for several construction and development projects in
tortoise habitat, th e C o m m ittee w o r ked w i t h t h e C a lifornia Energy C o mmission, K ern C o unty P lanning
Department, L. Bruce Nybo, and the Nature Conservancy. George Moncsko represented the Committee on the
Bureau of Land Management's Technical Review Team for the Rand Mountains-Fremont Valley Plan and attended
several meetings. As part of the stewardship program, the Committee provided a workforce for two fence and
s ign repair parties, photomonitoring at t h ree areas, 17 g u ided tours, and 3 5 e d u cational programs. T h e
Committee's newsletter has a new and expanded format and is mailed four times yearly to over 1300 members
and donors. One highlight of 1988 was the visit by Secretary of Interior, Donald Hodel, to the Desert Tortoise
Natural Area (DTNA). M r . Hodel presented the Committee with a plaque and a Certificate of Appreciation for
years of effort at the
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DTNA ENVIRONMENTAL PROJECTS ASSOCIATED WITH LUZ SOLAR UNITS IN THE
WESTERN MOJAVE: PRESENT AND FUTURE DEVELOPMENTS
Robert L. Cimberg
Abstract. Luz International Limited has built and operated Solar Electrical Generating Systems, called
SEGS, in California's Mojave Desert since 1979. This presentation provides an overview of the project, focusing
on the large array of environmental concerns, and in particular those relating to the desert tortoise (Gopherus
agassizill. The SEGS units use a simple technology in which solar rays are collected onto mirrors that are used
to produce steam to generate electricity. The seven plants built so far supply enough electricity to power the
residential needs of a city the size of Louisville. Luz follows a 2-4 year development process through the California
Energy Commission and o t her agencies. T h i s p r o cess starts w it h c a reful site s election and p ermitting
requirements, followed by monitoring of construction and operation activities. Environmental concerns such
as air and water quality, cultural and paleontologic resources, transportation, socio-economic issues and biology
are examined.
B i o l o gical s t udies c over b aseline information of t h e d e s ert p l ants an d a n imals, i mpact
assessments, and mitigation to avoid impacts. Programs designed specifically for the desert tortoise include
the following: studies of the tortoise in the area; construction of tortoise-proof fences around the site and antiperching devices for ravens; purchase, fencing and maintenance of over 5,000 acres (2,025 ha) of desert tortoise
habitat; removal of all tortoises from the SEGS site to nearby native habitat as well as a detailed study of the
effectiveness of this translocation procedure. T h i s latter program, under the direction of Glenn Stewart of
California State Polytechnic University, Pomona, will be addressed in another presentation.
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THE DESERT TORTOISE AND ARIZONA BLM: 1989
Eugene A. Dahlem
Introduction

The past year has been a busy one relative to desert tortoise (Gopherus agassizii) work on public lands
in Arizona. Much was accomplished, with needed inventory work receiving high priority, along with study plot
development. I m plementation of the newly signed rangewide plan has become a priority, though much work
was occurring prior to plan approval. The following is a discussion of some of the various management activities
on behalf of the desert tortoise in the four Arizona Bureau of Land Management (BLM) Districts.

Inventory and Monitoring
B asic inventory continues to be an important part of desert tortoise work fo r A r izona BLM. M u c h
potential habitat has received only the most cursory inventory, and in some cases, none at all. T his past year
saw the inventory backlog reduced significantly, with basic inventory occurring in the Phoenix, Safford, and
Yuma Districts. A dditional inventory work further refined our knowledge of tortoise distribution in areas where
they were known to occur. This inventory work has resulted in significant increases in known occupied tortoise
habitat, with new populations being discovered in the Black Mountains of Mohave County. Other reports at this
s ymposium described that discovery. I n v entory w ork w ill continue in all Districts until it is complete. T h e
Rangewide Plan requires that basic inventory be complete in Arizona by September, 1992, and we plan to meet
that deadline.
The Phoenix District contracted for three new study plots during the past year. These plots, in the New

Water, Harcuvar and Harquahala Mountains of west central Arizona, are adding to our knowledge of the tortoise
in the Sonoran Desert. Some of the results of these plots are presented in Table 1. T hese plots were located
in typical Sonoran Desert tortoise habitat, being on rather steep rocky slopes. Tortoise distribution was patchy,
with tortoises concentrated in areas of high cover site and forage density.
The Arizona Strip District will resurvey the Beaver Dam Slope Exclosure Plot this spring. When this work
is completed, both of the plots on Arizona's portion of the Beaver Dam Slope will have been surveyed twice,
allowing analysis of trends over time. The District will also conduct additional transects to refine its knowledge
of tortoise distribution and to detect any indications of population density changes that may have occurred over
the last ten years.
I he new plots in the Phoenix District bring to eight the number of study plots on public land in Arizona,
t hough only the two on the Arizona Strip have existed long enough to have been surveyed a second time. W e
will continue to expand this plot system as necessary.
The Arizona Strip District has acquired new tools to assist in tortoise inventory and clearance work. One
is a fiber-optic viewing scope with a 10-foot-long l3 m) cable used for determining the presence of tortoises in
small burrows. T h e ot her, not actually in hand yet, is a remote-controlled video camera which is capable of
entering larger, deep burrows. These devices will greatly improve the accuracy of population surveys. The fiberoptic device has already proven its value in inventory and clearance work in three districts.
Habitat Categorization
A key c o m p onent o f B L M ' s r a n gewide p lan f o r m a n agement o f d e s ert t o r t o ise h abitat i s t h e
categorization of habitats, allowing for a mix of management intensities. A l l f our of A r izona's Districts are
carrying out this process at this time. M u c h o f A r izona's public land has yet to be inventoried for tortoise
occurrence, making the categorization of habitat difficult. For this reason, most categorizations will be done on
an interim basis, meaning that BLM will make appropriate adjustments in habitat categories as data become
available to do so. T hese categorizations will be addressed in ongoing land use planning efforts, and in future

Resource Management Planswhere necessary.
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Compensation for Impacts to Habitat
An important aspect of the new Rangewide Plan is the requirement for mitigation to reduce or offset
impacts to tortoise habitat. W h ere Category 1 or Category 2 habitats are subjected to unavoidable losses,
compensation can be used to offset the loss. Two occasions have already occurred wherein there was a need
to provide for compensation. One case involved a right-of-way grant across a small area of tortoise habitat, the
other a land exchange. In both cases, the quality or quantity of Category 2 tortoise habitat was to be impacted.
In both cases, BLM provided for compensation to offset the loss. In the right-of-way case, the proponent funded
part of the purchase price of the fiber-optic viewing scope described above. The acquisition and use of this device
will significantly improve the accuracy and efficiency of inventories and clearances, thus improving our ability
to manage the tortoise and its habitat. In the other instance, BLM committed to acquiring additional high quality
desert tortoise habitat in the Picacho Mountains to expand the Special Management Area proposed through the
Phoenix Resource Management Plan.
Table 1. Basic data from the three desert tortoise study plots initiated in the BLM Phoenix District, 1988.
Study Plot/Contractor

H rcuvar Moun in

Hr

Peter Holm

Peter Woodman

Tim Shields,
Peter Woodman

Plot Size

1 .0 mi' (2.6 km' )

1 .0 mi' (2.6 km' )

1 .5 mi' (3.8 km' )

Days of Effort

46

68

67

Number of Tortoises
Found on Plot

16

59

20

Estimate of

20-25

85-130

21-38

1 3/2/1

51/4/4

1 7/0/4

1:1.14

1:0.67

1:1.29

Characterization

N wW

erMo n in

Tim Shields,

a h ala M untain

Population Density
(tortoise/mi' =
tortoise/2. 6 km')
Age Distribution of

Sample (adult/
subadult/juvenile)

Sex Ratio
Shell Remains
Found

Interagency Coordination
The Arizona Strip District has developed an agreement among the State and Federal agencies managing
desert tortoise populations and habitats on the Beaver Dam Slope of Arizona, Utah and Nevada. This agreement,

which is currently in the signature phase, will greatly facilitate cooperative work to benefit the tortoise population
on the Slope, creating efficiencies in the use of manpower, funding, and equipment. BL M also continues to

participate on the Arizona Interagency Desert Tortoise Team.
The desert tortoise is a high priority species for BLM in Arizona, and will remain so until questions
concerning its status in the state are answered and there remains no doubt that it will survive in viable populations
far into the future.

166

SOME PUBLIC RELATIONS/COMM U N I CATIONS ASPECTS OF DESERT CONSERVATION
Eugene Decker
Abstract. Public relations implies planning and effective two-way communications to gain support for
programs. An important factor in planning is the identification of publics. This is especially important for desert
conservation programs due to the number of diverse interest groups involved. Desert conservation programs
are usually directed to groups easily identified because of past interest on the subject. There are, however, many
other non-traditional publics who, if they were approached, might support such efforts. These publics have often
b een neglected. C o m m u n ication w it h t h es e p u blics is e s sential if t h e y a r e t o u n d e rstand (the ke y t o
communication) the complexities of desert ecosystems and the impacts of various management strategies.
Factors which often prevent understanding by various publics include problems with language, communication

skills, disregard for cultural differences and knowledge levels, and not providing opportunities for comments and
questions. If we do not provide coherent information to our publics that they can understand and relate to, then
we should not be surprised when they do not respond intelligently to management alternatives.
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SOME NATURAL HISTORY OBSERVATIONS OF RAVEN BEHAVIOR AND PREDATION ON
DESERT TORTOISES
Jim Farrell
Abstract. I n 1 9 88 a nd 1 9 8 9 , s u rveys were conducted to d etermine the relative abundance of the
common raven (Corvus corax) along roads in the eastern Mojave and northern Colorado deserts of California
and extreme southern Nevada. Ravens were counted during 2,014 miles (2,222 km) of road surveys from May
through August of 1988 and 7,120 miles (11,392 km) of surveys from November of 1988 through February
of 1989. Raven observations were calculated as numbers of ravens per 100 miles (160 km) of travel. The 19881989 data were compared with similar data collected by George Austin in southern Nevada and eastern California
between 1967 and 1969 (Austin, G.T. 1971. Roadside distribution of the common raven in the Mohave Desert.

Calif. Birds 2:98). In the approximately 20 years since the Austin survey, raven numbers have increased by
350%, from 3.4-12.0 ravens/100 miles (160 km), on main roads and by 700%, from 0.8-5.6 ravens/100 miles
(160 km), on secondary roads between November and February. For the May-August period, ravens have
increased by about 875%, from 0.8-7.0/100 miles (160 km). Baseline surveys of raven nests were conducted
along powerlines and other selected sites. Of 1 2 nests found, three showed evidence of raven predation on
desert tortoises (Gopherus agassizil). Nests in the Piute, Ward, and Chemehuevi valleys contained from 25 to

about 115 juvenile tortoise shells each. Most juveniles were killed between 1984 and 1988 and ranged in size
from 42 to about 110 mm in length (from hatchling to an estimated eight years of age). Additional data on raven
behavior will be offered on such subjects as feeding perches, roosting sites, and use of cattle fecal material.
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KEYNOTE ADDRESS: MANAG E M ENT OF THE DESERT TORTOISE AND OTHER REPTILES
A ND AM PHIBIANS: TIME FOR AN ENVIRONMENTAL ATTITUDE ADJUSTM E N T
J. Whitfield Gibbons
Introduction
The purpose of my talk is to provide you with some new facts, angles, and perspectives about a problem
with which you are all familiar. I hope that the discussion will indeed give you some fresh insights but also will
elicit some suggestions from you regarding some ways to confront and approach the problem.
The point I want to emphasize is that certain groups of organisms need more careful consideration, from
the standpoint of environmental management and conservation. T o day I w ant t o t alk specifically about an
identifiable group of v e rtebrates, the amphibians and reptiles in general and the desert tortoise (Gopherus
agassiziII specifically, and to identify some of the problems that still must be faced before management and
environmental stewardship of these groups can be undertaken in a prudent and far-sighted manner.
A reason for combining two classes of vertebrates is that collectively they have been recognized by the
U.S. Fish and Wildlife Service and the U.S. Forest Service as recognizable groups that have received inadequate
attention in their management programs. As a herpetologist, most of my examples will of course be of reptiles
and amphibians. Some clear justifications canbe given for why the Desert Tortoise Council is such an appropriate
group to which such a talk should be presented:
1. The Desert Tortoise Council (DTC) has been highly successful in accomplishing protective measures
for a particular species, although few are yet satisfied that all of the environmental
provisions necessary for the species have been made.
2. DTC members are appreciative of the environmental problems still to be faced but are not discouraged
by them.
3. Alt hough DTC members have a tendency to focus on a pinnacle species, most are truly interested
in all environmental components of the desert tortoise's habitat.
Importance of Reptiles and Amphibians
I think reptiles and amphibians deserve attention in the arena of environmental management for three
reasons:
1. They are significant, but often unrecognized, biotic components of most temperate zone
habitats.
2. Most have not received the attention they deserve in the scientific community. Research efforts have
lagged behind those of more conspicuous groups of organisms, thus ecological progress has been slow.
A better understanding of their ecology is needed.
3. Their importance as part of our natural heritage has not been promoted to the public as effectively
as that of many other groups of animals.
I want to look at each of these reasons or premises separately.
Biotic Components of Temperate Zone Habitats
A species might qualify in any of t h ree w ays fo r recognition as a b iotic component that deserves
attention. H o w e ver, the reasons and rationales may be quite different.
1. The species contributes to biological complexity. The recognition of this quality requires the support
of biologists.

169

Some groups have a potential for overall community influence by virtue of being abundant, although such
abundance may often go unrecognized, as seen in David Scott's studies with marbled salamanders in South
Carolina or as a result of studies at Hubbard Brook with plethodontid salamanders. Studies have demonstrated
that amphibians are often the top predators in freshwater aquatic systems.
The significance of turtles as vectors for seeds and parasites among temporary aquatic habitats has been
made. Not only are turtles the major vertebrate contributor to biomass in some aquatic systems, but they also

contribute to biomass and productivity outside of the aquatic area. Box turtles have also been implicated as seed
vectors.
The point of these examples is not that we have to stretch a point to demonstrate that these kinds of
vertebrates are an integral and dynamic part of most terrestrial and freshwater ecosystems, but perhaps we need
to be more emphatic and convincing to others, especially the lay public.

2. The species has economic value. Recognition of this quality engenders support of the commercial
sector and politicians.
Any group of organisms that has a direct, measurable economic value can have some impact on the way
they get treated in terms of environmental management. Although reptiles and amphibians have been given some

importance from an economic standpoint, the impact and influence they have had has been trivial compared to
big game mammals or insect pests. T h erefore, the controls have been relatively loose.
The American alligator is one example of a species that has been put in the paradox that the only way
the species seems to be able to get public support for its protection is for it to be so close to extinction that we
are not sure if it will make it, or to be so common that we can declare it a game species or a nuisance.
Many species, such as tri-colored king snakes, have assumed importance in the legal pet trade, but, of
course, a problem we all worry about is what is happening in the illegal pet trade. A lt hough some collections
of reptiles and amphibians are made within the law, some are detrimental to the populations being sampled, as
with Blanding's turtles. Biological supply houses sell animals legally, yet this means that thousands to hundreds
of thousands can be taken from natural habitats. S ome species, such as bullfrogs and snapping turtles, are
commercially important as edible commodities, but in some instances, this commercialization is causing serious

problems, often without a background of data on demography and population dynamics.
Venomous snakes present an irony of being economically important so that we can make antivenin to
protect people from venomous snakebites. It is difficult to convince a thinking person that this constitutes a
good case for protecting poisonous snakes, Rattlesnake roundups are another atrocious economic activity.

3. The species has aesthetic value. This intangible quality can only become accepted through support
of the general public.
This is an intangible value that some people place on a species and its effectiveness often comes back
to the influence and effectiveness of a particular individual or group that is interested in the species. L e gal
protection of the species often provides protection to certain habitats. Examples would be desert habitat were
tortoises are protected, and areas in southern Florida where crocodiles are protected.

This circle of protection can work to great advantage. A species is protected because a case is made
that it is important; the habitat and other species become protected because of the legal importance of the primary
species.
A welf-known, and well-deserved, example is of course the desert tortoise and the untold acreage of
desert habitat that has been protected under the aegis of the tortoise. The desert tortoise has become a flagship
species of the desert biome. But the reason for this success is because of the relentless efforts of concerned
individuals in the Desert Tortoise Council who have developed an attitude among much of the public that the
desert tortoise has an intrinsic, indefinable aesthetic value that we cannot afford to lose.

The Problems and Importance of Ecological Research in Herpetology
One could gauge the relative level of ecological research on a particular group of organisms in a variety
of ways, any of which might have some measure of subjectivity. In the keynote address to the Symposium on
Management of Amphibians, Reptiles, and Small Mammals in North America, sponsored by the U.S. Fish and
Wildlife Service and the U.S. Forest Service, I selected the areas of funding and publication as my criteria for

whether reptiles and amphibians were represented in fair proportion. The examination of 272 grant proposals
funded by major U.S. granting agencies during the previous year revealed that a total of five amphibian proposals
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and 29 reptile proposals had been funded. These represent 2% and 11% of the total, compared to 32% for large
mammals, 22% for birds, and 18% for insects. In the examination of 614 titles from general ecology journals
(American Midland Naturalist, Ecology, and Canadian Journal of Zoology) from 1983-1988, only 4% we re on
amphibians and 7% were on reptiles. By comparison, 16% were on fish, 20% w ere on birds, and 27% were
on mammals. An even greater contrast was seen in 204 wildlife publications (Journal of Wildlife Management)
in which reptiles and amphibians collectively comprised 2% of the total, compared to birds (46%), and large
mammals (50%). On e approach that has been attempted for wildlife species are the Habitat Suitability Index
models of the USFWS, These are controversial in regard to their usefulness, but the concept has potential value
by providing an initial quantitative approach with a tangible product. Whether they are of use to environmental
managers or not, a statement is made when we see that only five of 13 9 (less than 4%) of t h ose done on
vertebrates have involved reptiles or amphibians.
Reptiles and amphibians clearly are under-represented in the level of attention they have received in both
publications in general scientific journals and in overall grant support for projects. Some of the obvious reasons
for lower grant support are that they have a low profile in health, hunting, agriculture, or other economic issues.
This becomes circular in t hat l o wer f u nding because of economic status means that s p ecies are seldom
understood at a level that would permit prudent management.
Even those with the greatest recognized potential economic importance are still in the bush leagues
compared with some of the mammal and bird game species. Compare the number of grants or publications on
American alligators versus white-tailed deer. The research effort that we as ecologists have directed toward
reptiles and amphibians is not only below that of other vertebrate groups but of certain invertebrates as well.
Ecological Research on Herpetofauna-Species Intrinsic Problems
Several reasons are apparent for why it is sometimes difficult to conduct research on some species of
herpetofauna. Small body sizes, small or disjunct populations, fossorial or cryptic habits, patchy geographic or
habitat distribution patterns, unpredictable seasonality, and apparent rarity all combine to make certain field
studies difficult. An additional factor is that some species, such as the desert tortoise, are extremely long-lived,
making the construction of survivorship curves and life tables a difficult exercise so that certain life history
aspects cannot be investigated as readily as some shorter-lived species of mammal or insects.
An example of some of the problems can be seen on the Savannah River Site (SRS) in South Carolina,
where extensive field efforts have been made in the study of reptiles and amphibians. In spite of a quarter of
a century of field studies and the capture of more than one million reptiles and amphibians in all available habitats,
species previously unreported continue to be discovered. One decade elapsed between the first and second
captures of the pickerel frog (Rana palustris) on the SRS. Two decades went by between sightings of the striped
water snake (Regina rigida). Th e most dramatic case on the SRS was the finding of the first specimen of the
pine woods snake (Rhadinaea flavilata) in 1987 after more than 20 years of collecting snakes in the area. The
occurrence of rare species makes a difficult job for the environmental manager who would like to incorporate
such species into a management plan. However, a funding base that would permit the long-term assessments
necessary is seldom available.
The Importance of Long-Term Studies

A critical objective of government agencies involved in environmental assessment and

management

should be to intensify survey efforts in geographic regions of interest by supporting long-term research programs.
A species must first be identified as being present in a habitat before a management plan can be developed for
it. Rare, cryptic, or fossorial species may have little likelihood of even being discovered during a short-term
investigation.
Long-term study may be essential for revealing certain life history traits and ecological patterns in some
species. F l uctuations in natural environmental phenomena can cause interactive population variation in all
species. Variations in annual weather patterns can unquestionably influence the biological patterns in both reptile
and amphibian communities and can often be revealed only through long-term research programs. For long-lived
species such as the desert tortoise and other turtle species, long-term research may be necessary to reveal

potential longevities and develop life tables. Far less would be known about freshwater turtles on the SRS
without the uninterrupted continuation of studies on the same populations.
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Research to Determine Harvesting Impact
Harvesting has not been properly assessed in most cases in which reptiles and amphibians are the
targets. A p r i o rity goal should be a moratorium on w h olesale removal of all native species of reptiles and
amphibians until evidence is presented that regional populations can sustain the removal rate. The emphasis
should be on protecting the species until convincing evidence is supplied that harvesting has no long-term
detrimental impact. W i ldlife programs in all states should approach non-game wildlife with the same attitude
that is afforded game species. That is, harvesting is not allowed unless appropriate surveys or other studies
have been conducted to demonstrate the removal levels that populations can sustain.
Emphasis of Development of Innovative, Non-Destructive Techniques
Research on reptiles and amphibians has lagged behind that of other groups to some degree because
of the funding and support problems mentioned above. This is also applicable to the development of techniques.
X-ray photography, sonography, cyclopropane, and laparoscopy, are some of t h e r ecent developments in
herpetology that will not only assist in preserving study populations for continued study but will also add greatly
to our findings about reproductive phenomena. I t h ink we need a stronger commitment to developing nondestructive techniques, and we need to give the appropriate encouragement for investigators to invent, devise,
concoct and create new techniques and to be proud of it. A l so, we should be encouraging the publication of
such techniques so that others are aware of the state of development. T his includes advances in tracking or
observation techniques such as radiotelemetry, radioactive tagging, and video recording.
This also requires a commitment to developing collecting techniques. These cannot be relegated to the
realm of triviality, but instead need to be given the status they deserve as determinants of the occurrence and
population levels of rare or clandestine species.
The attitude of most North Americans toward reptiles and amphibians is either negative or neutral. The
reason is that our efforts to develop an attitude change have been insufficient. M ost organizations have been
ineffective. DTC is definitely an exception in this regard, due to the dedication and effort that has been put forth.

People still try to run over snakes or give no thought to how many small vertebrates will be lost when
a swamp is drained, a river is dammed, or a desert is developed. Some evidence of a more positive attitude exists
and is encouraging. Recognized protection of indigo snakes and San Francisco garter snakes is a tremendous
step. H o w e ver, as you all know, off icial listings with teeth in them are hard-fought ones against public and
political opinions that such species do not deserve such concessions. T h e f a iled efforts at protection far
outnumber the successful ones.
Again, as this audience knows and accepts, the basic responsibility for eliminating ignorance and
effecting a proper environmental attitude adjustment must start with an informed public, committed managers,
and involved scientists. A s h erpetologists we must strive not for laws with teeth but laws with fangs.
It is my opinion that many scientists have lost sight of who their patrons are (the U.S. taxpayers for most)
and of their responsibility to communicate findings to all levels of society. Ecologists must work not only to
establish a thorough foundation of basic information about reptiles and amphibians, but also should be supportive
of a generous distribution of the findings in a form palatable to a variety of audiences. Everyone must be educated
about the importance of reptiles and amphibians in the environment, if everyone is to buy into the process of
protecting them.
Conclusions
I have mentioned directly or indirectly several attitude turnarounds that we need to work toward on a
national scale. One is to cultivate the custom that a species should be protected until proven harvestable and
the burden, or cost, of the proof should be on the harvester. A m o ratorium should be placed on all harvested
reptiles and amphibians that do not meet this requirement. In the same sense, the status of any sensitive species
should be determined before approval is given for a project or development. A project should be considered and
accepted as being in the proposal state until the environmental facts are known. Finally, a strong commitment

should be made to support long-term surveys and basic ecological research on difficult-to-study species, with
the understanding and acceptance that acquiring thorough knowledge of some species will be slow.
An environmental attitude adjustment model must be developed and promoted that considers where we

want to end up, who we must educate and influence, and what we must know and do to achieve the goal of
education in a convincing manner. The goal is a nationwide acceptance that reptiles and amphibians are critical
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wildlife components deserving of as much protection as we can give. All of us have a responsibility. Scientists
must collect the necessary data and disseminate it in th e p r oper manner to b e e ff e ct ive . P o l i ticians and
government representatives have a responsibility to assure that the approval of a go vernment project is as
contingent on environmental considerations as on budgetary ones. Environmental managers have a responsibility to promote basic research and apply the findings. T hey must also develop the patience to wait for the
completion of long-term surveys or research if necessary. A nd , perhaps most important of all, informed and
educated citizens of any profession should do all they can to propagate an enlightened environmental attitude
to others who are less fortunate than ourselves.
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A PRELIMINARY REPORT OF HOME RANGE AND USE OF COVER SITES BY DESERT
TORTOISES IN SAGUARO NATIONAL MON U M E N T, 1988
Audrey E. Goldsmith and William W. Shaw

Abstract. Our study was sponsored by the National Park Service to provide baseline
data on tortoise populations for long term monitoring and ecological information to help
manage desert tortoises (Gopherus agassizir')in Saguaro National Monument relative to urban

development of adjacent lands. This is a report on data from the first field season. We
monitored the movements of 12 tortoises using telemetry between July and October 1988.
They were active 18% of the time. On e tortoise apparently died from an unknown upper

respiratory disease. We used a linear measure of home range to be able to project how far
outside the Monument a tortoise might travel. We measured linear home ranges of tortoises
in the Picacho Mountains using maps provided by S. Barrett. Three of 22 adult tortoises had

ranges >1000 m inlength, seven had ranges >500 m, and 12 had ranges >400 m. These
estimates are preliminary based on one season's data. The average length of home ranges
in Picacho after a full years study was 640 m (SD = 334, n =12). Based on the above data
we recommended that the National Park Service and city, county and state governments
establish a 1 km tortoise conservation zone around protected areas where tortoises live.
INTRODUCTION
In the f ace o f i m m i nent u r ban development along th e b o undary o f S a g uaro National Monument
(Monument) in Pima County, Arizona, the National Park Service commissioned a three year study of desert
tortoises (Gopherus agassizli'). Li t tle was known about the ecology and distribution of tortoises within the
Monument. Our study will provide baseline data on tortoise populations for long term monitoring and ecological
information to help manage tortoises relative to urban development of adjacent lands.
A buffer zone ordinance was proposed and adopted within Pima County to provide a transition between
the protected lands of the Monument and urban development. However, information about impacts on individual
wildlife species was needed to guide the formulation of specific land use plans. One objective of the present
study is to p rovide information on tortoise movements that w o uld indicate how far outside the Monument
tortoises might travel in the normal course of traversing their home range. We also will provide descriptions of
cover sites used by tortoises. In this paper we summarize data on home ranges and use of cover sites during
the first field season, including portions of summer and fall, 1988.
METHODS
We used radio telemetry equipment from Telonics, Inc. to monitor movements of tortoises. We selected
three sizes of transmitters:
Tortoise MCL

Model

W~ei ht

>100 mm

MOD-070

20 g

3.2 x 2.8 x 1.0 cm

Size

>170 mm

MOD-100

45 g

4.1 x 2,4 x 2.0 cm

>224 mm

MOD-200

54 g

1.8 x 3.2 x 4.3 cm

'Maximum carapace length

We selected one area for intensive study in each of the Rincon Mountain and Tucson Mountain Districts
of the Monument. These two districts total 34,000 ha. The Tucson Mountain District is situated approximately

24 km west of the city of Tucson at elevations from 660-1420 m. Vegetation is Sonoran desert upland (Brown
1982). The Rincon Mountain District is approximately 24 km east of Tucson at elevations from 800-2500 m.
Vegetation ranges from creosote bush (Larrea tridentata) dominated terraces to conifer forests.
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We located tortoises by searching the pre-selected study areas intensively. O nc e captured, a tortoise was
weighed, measured, and the appropriate size transmitter was glued to its carapace with quick drying epoxy. The

antenna wire was glued around the edge of the shell. All tortoises were released in the same spot where captured.
Each tortoise was located twice weekly between capture and hibernation and at intervals of 10-14 days
during hibernation. Each time a tortoise was located we plotted the location on an aerial photo (1 inch = 400
ft) and recorded: date, time, weather, temperature, slope, aspect, vegetation, and a description of their burrow
or cover if a p plicable. W e a l s o n o ted th e t o rtoises's behavior. W e p h o t o graphed the location for later
identification and habitat analysis. From these data we plotted home ranges using a minimum area polygon.
To estimate how far outside the Monument a tortoise might travel in the normal course of traversing its
home range we measured the length of each tortoise's home range across the greatest length of each polygon.

We also measured the lengths of home ranges of tortoises near Picacho Peak, Pinal County, Arizona using data
collected by S. Barrett of the Bureau of Reclamation (Vaughan 1984). Cover sites that were used by tortoises
were classified into five types: shaded rest site beneath the canopy of a tree, shrub, cactus, or grass; pallet,
where the tortoise was beneath some organic debris, typically of a dying cactus or woodrat (Neotoma sp.) nest;
soil burrow; caliche den along a wash; and rock den, a shelter beneath rock slabs or boulders with rock or soil
floor.
RESULTS AND DISCUSSION
W e captured and radio-tagged 12 tortoises between July 26 and October 7, 1 98 8 ( Table 1). T h i s
included six adult females, three adult males, and three young adults or juveniles. We located 12 tortoises a
total of 290 times between their capture date and presumed date of hibernation. T o rtoises were active 18%
of the time.
One male tortoise died from u nknown causes in October 19 88 . I n S e p t ember, he had exhibited
symptoms of an upper respiratory disease that was diagnosed as a bacterial infection (Pasturella testudensis)
by James Jarchow, D.V.M . V e ry little is known about these infections and their impact on wild populations.
We did not treat the infection. T h e tortoise died several weeks later, with no evidence of predation, but the

remains were too badly deteriorated for more specific diagnosis.
Cover Sites
Tortoises in the Monument are not confined to rocky slopes or desert washes. They occupy relatively

flat areas and rolling piedmont terraces. They use many different cover sites and use seems to depend on the
availability of certain types of sites such as rock dens and caliche caves (Table 2). Cover sites ranged from deep
rock or caliche dens to merely the canopy shade of a tree, shrub, or grass. In the Rincon Mountain District,
tortoises often used rock dens, although they used all different types. In the Tucson Mountain District, tortoises
used shaded rest sites and caliche dens most often (Table 2). This may reflect the different availability of den

sites within the tortoises' home ranges, which reflect habitat differences.
Individual hibernaculum (Table 3) also reflected differences in dens between the two study areas. Caliche
dens predominated on the west side and rock dens in the east. Some tortoises used the same dens as others:
male 24 was found inthe same den with females 54 and 25; male 24 used the same den as female 47 but on
a different day; female 25 used several dens also used by juvenile 28. O t her, untagged tortoises also shared
den sites with radio tagged individuals.
Home Ranges
Home ranges in the Rincon Mountain study area overlapped extensively (Fig. 1). I n c o ntrast, home

ranges of the four tortoises in the Tucson Mountain study area did not overlap even though three of them were
originally captured within about 200 m of each other. They were not found using the same cover sites as other
tortoises, but we found other untagged tortoises within the four tagged tortoises home ranges.

Sizes of the home ranges (Table 4) measured by maximum length of the polygons, were generally
smallest for juveniles and largest for males. Home ranges of three adult males were ) 45 0 m lo ng; six adult

females had home ranges between 240-960 m; three juveniles had ranges (400 m long. Female 17 and juvenile
28 appeared to have large home ranges for their groups.
In the Monument during the first field season adult home ranges averaged 467 m in length (SD = 201,
n = 9) and ranged from 240 m to 960 m (Table 4). These home ranges appear to be similar to ranges measured
near Picacho Peak (Vaughan 1984; S. Barrett, pers. commun.) In the Picacho Peak study area, after a minimum
of one year of study, home ranges averaged 630 m (SD = 334, n = 1 2) and ranged from 309 to 1 158 m .
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RINCON MTN DISTRICT

M 35

F 25

J 28

F42
~ /I

g rr

r z r

r r r r r r r

M24
F 54

i J29
4P

r

r

F21

500m
Figure 1. Home range polygons of eight t o r t oises in the Rincon Mountain District of Saguaro National Monument,
July — December, 1988. M = male (diagonal hatching), F = female (solid line), J = subadult or juvenile tortoise (regular
hatching.

Table 1. Tortoises captured and fitted with telemetry transmitters in Saguaro National Monument, July-October,
1 988.
No.
17
18
19

20
21
24'
25
28

MCL~
235
255
106
243
227
250

253
152

29

169

35
47
54

257
216
242

We' Lh~tg}
~

2050

Sex
FF

NA

231
3000
2340
2855
3055
682
935
3028
1998

F
JM

Date
07-26-88
07-27-88
07-29-88
07-29-88
08-03-88
08-04-88
08-04-88

Location'
TMD
TMD
TMD
TMD
RMD
RMD
RMD
RMD
RMD
RMD
RMD
RMD

08-10-88
08-16-88
F
JM

09-06-88
09-06-88
1 0-07-88

2425

'Maximum carapace length.
'M = m ale, F = f e male, J = j uvenile or sub-adult
'RMD = Rincon Mountain District; TMD = T ucson Mountain District.
4Found dead on 21 October 198S.

Table 2. Cover sites (%) used by desert tortoises in Saguaro National Monument, between their dates of capture
a nd hibernation in 1988 .

C~over Si

Tucson Mtn District
~N= 11

Rincon Mtn District
N = 12 6

Shaded Rest Site

34.0

13.0

Pallet

14.0

12.0

Soil Burrow

22.0

9.0

Caliche den

29.0

2.0

Rock den

0.8

64.0
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Table 3. D ates of hibernation and type of hibernacula of 1 1 d esert tortoises in Saguaro National Monument

in winter, 1988-89.
No.
17
18
19

Date
Nov. 3
Oct. 28
Nov. 1
Nov. 3
Oct. 21

20
21
24
25
28

Location

Hibernaculum

Caliche den
Saguaro debris pallet
T
R
R

Caliche den
Caliche den
Rock den

died Oct. 10
Nov. 11
Nov. 8
Oct. 12
Oct. 10
Oct. 21
Nov. 17

29
35
47
54

Rock den
Rock den
Cactus debris pallet
Caliche den
Soil/woodrat nest den
Rock/woodrat nest den

R

' T = Tucson Mountain District
R = Rincon Mountain District

Table 4. Maximum length of tortoise home ranges measured July-October 1988 in Saguaro National Monument
(N = no. of o b servations between initial capture and date of h i bernation).
Tortoise No.
F17
F18

J19
M20
F21
M24
F25
J28
J29

M35
F47
F54

N

33

L en th of home ran e ol
960

29

420

32
33

135

19
22
26

465
240
510
375

23

390

15
11

225

480
375

149

375

F = adult female
M = adult male
= juvenile

J
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ons m

In summary, three of 22 adult tortoises had a home range ) 1 km in length, seven of 22 had home ranges
)5 0 0 m , an d 12 o f 2 2 ha d ranges ) 4 0 0 m . T h e s e estimates are low for tw o r easons: t h e h ome ranges
presented from the Monument do not yet represent a full annual cycle, and one year's home range represents
a small portion of the entire lifetime of a desert tortoise.
Based on the limited information presented above, it appears that tortoises living near the border inside
the Monument use areas within 1 k m o u tside the boundary. W e r e c ommended to the Park Service that a
minimum of a 1 km buffer zone of very restricted low density development be established outside the boundary
of the Monument to protect desert tortoises.
If extensive development is permitted directly adjacent to the Monument, we would expect that tortoises
living within 1 km inside the border would be adversely affected. A long-term decline in the population would
be expected. Tortoises within the Monument appear to be most active during summer months when visitor use
is low. T his activity pattern, in addition to the fact that tortoises are so well camouflaged, may restrict some
human impacts within the Monument.
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BLM'S COMMITMENT TO IMPROVING DESERT TORTOISE HABITAT IN CALIFORNIA
Ed Hastey
Thank you f o r t h i s o p portunity t o o u t line the Bureau of L and M a nagement's (BLM) program for
management and protection of desert tortoise (Gopherus agessiziil habitat in California.
But first let me defuse an issue that seems to be uppermost in many people's minds — our recent
recommendation that State listing of the tortoise be tabled for a period of time.
The intent of this position was to allow the many new initiatives of BLM, other agencies, and private
groups (initiatives directed at tortoise management and protection) to be implemented without the constraints
of formal listing of the species as threatened or endangered. W e believe these actions can make a positive
difference for the tortoise. While listing the tortoise as a threatened species is one way of addressing the problem,
the only long-term success will come from a cooperative working relationship with all the users of the desert
environment.
Since the recent California Fish and Game Commission hearing, w e h a v e r eviewed ou r p o sition
concerning the state listing of the desert tortoise. We strongly believe our June 16, 1988 position, in response
to the California Department of Fish and Game's (CDFG) request of March 17, 1988, is still valid. To quote it,
"We (BLM) cannot at this time support such a listing based on the petition before us. We w o uld prefer rather
to capitalize for a period of time on the current initiatives to improve the consideration and management of this
species." One additional section of our June letter also seems to have been overlooked. We said that, "Should
you (California Department of Fish and Game) still find listing of the tortoise to be warranted, we feel that listing

of selected populations within clearly defined areas would be more workable. Our letter to the Commission
should have made this position more clear.
All that aside, the BLM, the Desert Tortoise Council, and others are committed to seeing this important
species survive and thrive. Let me outline some of these efforts.
BLM has a large responsibility for management of public lands in the California desert. The California
Desert Conservation Area is a vast land area of 25 million acres (ten million ha) consisting of three major desert
ecosystems and BLM has jurisdiction over approximately one-half of the land.
This responsibility comes directly from the Federal Land Policy and Management Act of 1976 (FLPMA)
which formalized the national policy of multiple use and sustained yield for the public lands. Wildlife is explicitly
identified in FLPMA as one of the principal uses of public lands, as are domestic livestock grazing, mineral
exploration and production, rights-of-way, and outdoor recreation.

What this means for the tortoise and all of us is that there will be some places set aside just for tortoises,
some places for tortoises and other compatible uses, and some places committed to other uses in a balanced
multiple-use mix.

We are serious about our responsibility to wildlife as one of the principal uses of public lands. This
commitment is demonstrated by several other BLM wildlife projects in California. Particularly noteworthy are
establishment of the Coachella Valley Preserve and the Carrizo Plain Natural Area, and land acquisition along
Cache Creek inLake and Yolo counties.
In establishing the Coachella Valley Preserve, primarily for preservation of the Coachella Valley fringe-

toed lizard (Umainornafa), BLM played a strong leadership role not only in forging the management prescription,
but also in acquiring lands using a combination of land purchase with Land and Water Conservation Funds and
land exchange. It took considerable effort to negotiate an agreement that set up the 13,000-acre preserve ten
miles east of Palm Springs and two permanent satellite preserves for a relatively obscure animal, that perhaps
not one in a thousand local residents had ever noticed. T his agreement involved the:
.Bureau of Land Management
.U.S. Fish and Wildlife Service
.California Department of Fish and Game

The Nature Conservancy,
Coachella Valley Association of Governments
-Coachella Valley Water District
.Agua Caliente Indian Tribe
.Coachella Valley Ecological Reserve Foundation

.Local land developers
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Several other user groups
Private donors of land and funding.
BLM has exchanged lands valued at nearly $6 million out of a total cost exceeding $20 million. It took
over two y e ars t o p u t a l l t h e p i eces together, another year to i m p lement the p r ogram, and a l o n g-term
management commitment to ensure the project's success. In principle this project is not unlike the commitment
we are now making for the desert tortoise, though in scope and complexity the tortoise effort will be even larger.
The Carrizo Plain Natural Area is a similar effort. It is based on the innovative approaches used in the
Coachella Valley, a model now being used in many parts of the country. Th e Carrizo Plain Natural Area is an
excellent example of positive multiple-use management and cooperation among interest groups, numerous
private landowners, and 16 separate agencies. An outgrowth of the Carrizo effort has been for BLM to organize
these groups so that Kern County could take a lead role in working to develop a habitat conservation plan. This
interagency effort in coordination with a variety of user groups will guide future countywide development.
Our objective in the Carrizo is to preserve a 180,000-acre area of historic and nearly extinct Central Valley
grasslands, wetlands, and brushlands located between San Luis Obispo and Bakersfield. I n cluded is habitat
enhancement for nine threatened or endangered animals and numerous listed or candidate plants, especially on
several large ranches with histories of intense grazing that were acquired recently or have been proposed for
acquisition. In five to ten years the Carrizo Plain will be in profoundly better condition under BLM multiple-use
management in cooperation with the CDFG and The Nature Conservancy (TNC).

In the Carrizo project, BLM approached the level of effort it will probably take for desert tortoise habitat
protection and management. Fo r example, in January 1988 TNC purchased 82,000 acres in the Carrizo for
$14.2 million. The same day BLM purchased 24,300 acres of the 82,000 acres from TNC for $4.1 million. In

January 1989 another 28,000 of the 82,000 acres were purchased from TNC for $4.8 million. We have asked
for another $6.0 million from the Land and Water Conservation Fund for fiscal year 1990 to acquire an additional
30,000 to 40,000 acres. These efforts by TNC and BLM will continue until most of the 180,000 acres are either
purchased outright by BLM with Land and Water Conservation Fund monies or acquired through exchanges.
In the northern part of the State, near Ukiah, another aggressive land acquisition program primarily for
wildlife is the Cache Creek watershed, which runs from the east end of Clear Lake to the Sacramento Valley.
Out of 35 miles of stream, BLM has acquired all but two miles for the protection of tule elk (Cervus e/aphus
nannodes), wintering bald eagles (Haliaeetus leucocephalus), and populations of other wildlife that researchers

say are some of the best they have seen in California. Again, land exchange and purchase have been primary
a cquisition t o o ls .
Co o p e r ation a m ong s e veral agencies and c o o perative landowners ha s r e sulted i n a
consolidated, spectacular area of high quality wildlife habitat to be managed in perpetuity. While other multipleuse activities could occur, such as river rafting and fishing, wildlife is the driving management consideration.
Another BLM lead wildlife responsibility is for coordinating the annual monitoring of peregrine falcon
(Falco peregrinus) breeding success throughout the State of California. F o ur other agencies (U.S. Fish and
W ildlife Service [USFWS], National Park Service, U.S. Forest Service, and CDFG) agreed in 1 9 8 8 a t t o p
management levels that BLM had the capability and expertise to make monitoring assignments to all involved
parties, to coordinate initial data collection on nest site occupancy at the 10 3 k n ow n s ites, to co nduct the
helicopter census, and to follow through with an annual report. Eighty-two sites had pairs of peregrine falcons
last year, over four times the number known in 1978. The recent productivity of those pairs is considered ample

to ensure a continuing recovery of the species.
These examples illustrate BLM's success in accomplishing large-scale complex projects to preserve
wildlife habitat on public lands. We are firmly committed to ensuring that viable populations of desert tortoises
live in perpetuity in the deserts of California. We intend to use all our land management experience and expertise
to effect the best solution possible.
Over the past few years we have been building, with your help, a sound foundation for such an effort.
It has taken time to allow the program to proceed at an intensity which can make a difference. Conservatively,
this may take nearly $8.5 million during 1990-1994, not including land acquisition. Justifying expenditures of
this magnitude and planning to spend them effectively will not happen without your support and the sound
foundation built to date. For example:
1. I n O c t o ber 1 9 8 7 t h e B L M D i rector approved the D esert To rtoise Task Force report e ntitled
"Management of Desert Tortoise Habitat." This policy framework for BLM's desert tortoise program called for
a more detailed Desert Tortoise Rangewide Plan and state-level implementation strategy documents.
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2. In July of 1988 the California Desert District Manager accepted and approved a report prepared by
a Desert Tortoise Workgroup. "Recommendations for Management of the Desert Tortoise in the California
Desert" will serve as California-BLM's state-level strategy for development and implementation of site-specific,
on-the-ground management projects to benefit tortoises.

3. In November 1988 the BLM Director approved and distributed the report "Desert Tortoise Habitat
Management on the Public Lands: A Rangewide Plan." Covering four states, this policy document refines and
complements the 1987 Task Force report with a bottom line of allowing, where practicable, "no net loss" (after
mitigation/compensation) of quantity or quality of important desert tortoise habitat on public lands.

Tortoise management and protection also must be supported by coordination mechanisms, several of
which BLM has pushed to set up over the last year. For example:
1. The Desert Tortoise Management Oversight Group was formed and held its first meeting in Reno,
Nevada, in September 1988. D e cisions were made and interagency contact points were established that will
provide for a significant immediate increase in the level of effort expended on desert tortoise management.
2. The BLM Desert District Manager announced in November 1988 that the existing Desert District
Advisory Council w o uld serve as his Desert Tortoise Coordination Committee to c o ordinate BLM actions
regarding tortoise habitat with other public land users (e.g„ m i n ers, ranchers, OHV enthusiasts, etc.).
3. During the next month or two the California Desert Tortoise Technical Committee will meet for the
first time with representatives from BLM (Kristin Berry and Ted Rado), CDFG (Jim St. Amant), USFWS (Peter
Stine), and the scientific community (Ken Nagy of the University of California, Los Angeles). BLM has provided
the impetus for setting up this committee which will bring others in as the need arises. The committee will operate
on its own and will advise the Management Oversight Group, managers from the various involved agencies, and
any other entities (public or private) needing their assistance.

4. Technical Review Teams have been set up, including representatives from State and Federal agencies
and user groups, to work on specific geographic areas and specific issues to ensure that t o r t oise habitat is
properly protected. These include teams for sheep grazing/tortoise issues and the Rand Mountain Area of Critical

Environmental Concern which involves tortoises and OHV use.
Using these policy documents and coordination mechanisms we are continuing several projects that have
been ongoing for years and are, in fact, beginning to implement new initiatives for the tortoise even this fiscal
year.
We have increased staff levels to deal with tortoise issues. Recently, Ted Rado, formerly with BLM, and
most recently with the USFWS in Sacramento, joined the California Desert District Office to assist Kristin Berry
with a multitude of tortoise projects. Ted, a herpetologist by training, will add much to our program because
of his expertise in developing and negotiating compensation packages for endangered species in the San Joaquin
Valley. He will also be developing Geographic Information System technology for tracking land use changes in
the desert to allow analysis of the cumulative effect of all land uses on tortoise habitats. This system will also
allow monitoring to determine the effectiveness of mitigation measures stipulated in BLM decision documents.
We have added two important positions in the Ridgecrest Resource Area Office. One is a new Ranger

whose primary responsibility is patrolling the Desert Tortoise Natural Area; the other is a second Resource Area
Biologist who deals largely with tortoise issues. Actually, addition of 21 new Rangers during the past two years
also will help us deal more effectively with tortoise vandalism and enforcement of the Desert Plan.
In addition, BLM-California's State Office Endangered Species Coordinator, whose responsibility also

includes sensitive and candidate species, is currently spending at least one-half of his time on tortoise matters.
This should demonstrate t hat w e a r e c o m m i t t ing m uc h m o r e BLM s t af f t i m e an d e f f or t t o t o r t o ise habitat
management on public lands than in the past.
We are also monitoring four tortoise study plots at a cost of S40,000 this year, the same number we

do each year as we rotate monitoring of 20 study plots on a five-year cycle. This continuing effort is providing
important population trend data which document tortoise numbers throughout the deserts of California, A BLMsponsored interagency and intergovernmental workshop on tortoise habitat monitoring was held in November
1988 during which a new tortoise habitat monitoring manual was reviewed. This manual will be completed later

this summer.
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Such monitoring has revealed disease problems in the Desert Tortoise Natural Area and on Chuckwalla
Bench, issues which we can now begin to deal with this fiscal year. We are spending about $50,000 o n studies
to establish normal ranges for several physiological parameters in well tortoises, to determine the extent of the
disease problems, and to conduct a detailed analysis of the respiratory virus responsible for at least part of our
tortoise problem.
We are also w o rking hard on th e t o rtoise/raven predation problem. W e h a v e c i rculated the draft
environmental assessment (EA), incorporated comments into the final EA, and requested a permit from the
USFWS. Funding will be about $45,000 this year with some of this money coming from the State Off-Highway
Vehicle Fund. Pending matters include the USFWS Migratory Bird Permit and our own issuance of a Pesticide
Use Permit. W e are still counting on carrying out the pilot program this fiscal year cooperatively with CDFG,
USFWS, and Animal and Plant Health Inspection Service. A related study to determine distribution and numbers
o f raven in tortoise range is also going forward for about $39,000 .
The Desert Tortoise Rangewide Plan approved in November 1988 calls for categorization of all desert
t ortoise habitat into t hree management categories. C a t egory 1 is m ost protective; Category 3 is least. A
"preferred alternative" category map will be included in the FY 1989 Desert Plan amendment cycle which will
be completed in fiscal year (FY) 1990. T his map will also serve during the interim for the purposes of habitat
management, because of the close relationship between Category 1 designations and crucial and highly crucial
designations in the California Desert Plan. T h e C alifornia BLM Desert District Manager has issued interim
instructions to al l Desert Area Offices, giving specific directives for management of l a nd-use activities in
Category 1 and 2 Tortoise Habitat Areas. For example, during FY 1989 a new policy will be implemented which
states that where practical there will be no net loss in quality or quantity of Category 1 and 2 Tortoise Habitat
Areas. This will require development of standardized and fair mitigation measures and compensation formulas
in concert with other agencies. We will also complete an analysis this year to determine what additional Habitat
Management Plans ar e n e eded t o a d e quately m anage and p r otect c a t egorized Tortoise Habitat A r e as.
Aggressive development of new plans will begin during FY 1990.
The BLM California Desert District is currently engaged in land exchanges to enhance and consolidate
habitat in the Desert Tortoise Natural Area. Land tenure adjustment in the Fremont Peak area will consolidate
e xtensive acreage of c h eckerboard lands w i t hin a p r o posed Category 1 T o rtoise Habitat A r ea .
O n g o i ng
exchanges of lands with the California State Lands Commission will also bring a number of sections of tortoise
habitat u n der BL M m a n agement , Th e D i s t r ict i s c u r r ently, i n c o o p eration w i t h s e v e ral c o n servation
organizations, acquiring tortoise habitat in th e Desert Tortoise Natural Area and Chuckwalla Bench, both
Category 1 habitat areas, using Land and Water Conservation Funds. Funding levels from the Land and Water
Conservation Fund for tortoise habitat acquisition in recent years and for the next two years are as follows: 1988
- $600,000; 1 9 89; - $ 2 , 2 0 0 ,0 00; 1990 (projected) - $1,400,000; and 199 1 (projected) — $400,000.
Finally, a desert tortoise public affairs plan will be completed this year. Initially, this plan will include:
1) review of existing tortoise brochures and development of new o nes; 2) a st rategy for developing media
announcements in cooperation with CDFG; and 3) assuring that California Desert District Access Guides (maps)
include tortoise protection information, where appropriate, We welcome your ideas and suggestions in how we
can better educate the public on the importance of desert tortoises and how the public can help us protect them.
All the efforts clearly show that we are committed to tortoise management and protection. W e have
barely mentioned the Desert Tortoise Natural Area and the monumental effort it took to set it up. We have not
dwelled on t h e f a c t t h a t c o n s ideration of t o r t o ises and t h eir h abitats i n t h e B L M ' s l a n d-use planning,
e nvironmental assessment, and decision-making processes has been ongoing fo r y ears and c ertainly w i l l
continue. Using these processes to implement the new policy direction (that any unavoidable adverse impacts
on important desert tortoise habitats must be mitigated, where practicable, to result in no net loss of quantity
or quality of tortoise habitat) should significantly improve the level of consideration and protection of desert
tortoises.
Despite our commitment, BLM cannot ensure survival of the tortoise alone. We must enlist help from
other Federal and State agencies, county g o vernments, private conservation organizations, user g roups,
landowners, even the general public in tortoise management protection. Some of these key players will include:
.Tortoise groups
Sheep and cattle grazers
-Wildlife organizations

-OH V g ro ups
.California Department of Parks and Recreation, OHV Division
-California Department of Transportation
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California Energy Commission

.California Department of Fish and Game
.The Nature Conservancy

.U.S. Borax and Chemical Corporation
.Southern Pacific Land Company
-U.S. Fish and Wildlife Service
Based on the new initiatives of BLM and others, we remain optimistic about the survival of the tortoise.
We join with you to make a positive difference for the tortoise, so that viable populations will live in perpetuity.
Thank you.
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LIPID STORAGE AND REPRODUCTIVE OUTPUT OF FEMALE DESERT TORTOISES
(GOI HERUS AGASSIZW
Brian T. Henen
Abstract. Egg production and lipid reserves measured in female desert tortoises (Gopherus agassizl)) at

Goffs, California were compared to results from 1983-1986 and from 1987. In 1988 fewer eggs were produced
(mean 3.6,SE*0.65) thanin1983to1986(t=1.87, df = 17, andP( 0 . 0 5 depending onyear) orin 1 987 (paired
t = 1.895, df = 7, P<0.05). From August 1987 to August 1988, body mass declined 10% (mean 168 g; paired
t =3. 53 , d f = 8, P( 0 . 0 0 5 ) and lipid-free mass declined 13% (mean 209 g; paired t = 4.41, df = 8 , P( 0 . 0 0 5 ) ,
but lipid mass increased 120%, f ro m 3 4 t o 7 5 g ( f r o m about 2-5 % o f b od y m a ss; paired t = 7.73, df = 8,

P <0.0005). The decline in lipid-free mass and egg production suggests that dietary water, protein, or both may

have been limited. The 50% decline in lipid reserves over winter 1987-1988 (from 131 to 63 g) indicates their
importance to overwintering costs. The increase in lipids from August 1987 to August 1988 (41 g) equals the
lipid (or energy) content of 16 (or 8) eggs that could be invested in eggs for future years. For 1984-1988, mean
annual egg production was not correlated to summer or annual rainfall of the previous year.
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IMPLEMENTING TORTOISE HABITAT MANAGEMENT ON PUBLIC LANDS IN THE
CALIFORNIA DESERT
Gerald Hillier
Abstract. The Desert Plan, adopted in 1 98 0, sets the framework for t or toise habitat management.
Implementation has taken many forms: i m p lementing the Ranger force for enforcement, developing Area of
Critical Environmental Concern plans, and beginning land acquisition. In Fiscal Year 1989 we have 42 rangers
in the field, and have $2.3 million dollars for acquisition. We are well along in implementing aspects of BLM's
Rangewide Plan, having initiated our own effort to integrate the habitat issues in 1987. In cooperation with the
California Department of Fish and Game, we have adopted an interim strategy and some land use restrictions.
We are looking at amending the Desert Plan to more clearly define restrictions and protective management. We
have increased staff and increasing monitoring of populations. We are requiring more mitigation and have moved
into compensation. N e wly recognized diseases of desert tortoises (Gopherus agassizisl may have a profound
effect beyond our control. W e are beginning studies on these. Expanding urban areas on private lands, too,
may be a problem, as well as expanding military use of the desert. W e are taking positive steps to control

predators of tortoises such as common ravens (Corvus corax), reduce competition, and greatly increase public
awareness and sensitivity to the animals as well as the habitat.
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SUMMER AND FALL ACTIVITIES AND MOVEMENTS OF THE DESERT TORTOISE
(,GOPHERUS AGASS/Z//I IN PAHRUIVIP VALLEY, NEVADA
Donald C. Hovik and D. Bradford Hardenbrook
Abstract. Activities and movements of resident desert tortoises (Gopherus agassizii) (one male and four
females) fitted with radio transmitters were monitored biweekly at the Trout Canyon Desert Tortoise Study Plot
in Pahrump Valley, Clark County, Nevada from 15 June to 4 November 1988. The overall objective was to gather
baseline information about the use of habitat by resident tortoises. This effort is part of an ongoing cooperative
study between the Bureau of Land Management and the Nevada Department of W i ldlife to d etermine the
feasibility of desert tortoise relocation as a management tool. A n imals were located 92 to 95 times during 50
days of fieldwork conducted over the 1 1 o bservation weeks. A b o v e-ground locations for the f ive animals
accounted for 31.6% of all observations during peak activity hours. Surface activity was greatest during lateAugust and early-September in response to thundershowers and a downward trend in daily temperatures. By
4 November, all tortoises were consistently found inside burrows and were presumed to have entered winter
dormancy.
Home range size for the male was 17.7 ha (43.8 acres). Female home ranges varied in size from 5.4
ha (13.4 ac) to 19.6 ha (48.4 acres). Home range size for the male and one female decreased after late-summer

thundershowers by 18% and 17%, respectively; whereas home range size increased from 1.8 to 2.9 times for
the other three females. Area use of home ranges by individual animals was not uniform during the study. Several
burrows were used by tortoises in the summer and fall. Fidelity to burrows was demonstrated by all five animals.

Of 48 burrows known to be used, 17 received use in two or more observation weeks. One was a caliche burrow
which was shared by two f emales beginning in mid-September.
Tortoises were observed to eat fluffgrass (Erioneuron puichellum), red brome (Bromus rubens), and
globemallow (Sphaeralcea ambigua). Co n sumption of fluffgrass accounted for 75% of a ll (n = 12) foraging
observations and was the most frequently encountered perennial grass on the study plot. G l o bemallow was
e aten only after new growth appeared in response to late-summer thundershowers. L a rge () 1 0 0 , 00 0 c m 31
)
Mormon tea, Ephedra nevadensis, was used more often (P ( 0 . 0 0 1 , G = 2 4 . 9 2 4 1 , d.f. = 1) than other plant
species for above ground shelter, Relative to other plant species, large Mormon tea may provide superior shade
and concealment qualities.
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CLINICOPATHOLOGIC INVESTIGATIONS ON AN UPPER RESPIRATORY DISEASE OF
FREE-RANGING DESERT TORTOISES, GOPHERUS A GASSIZII
Elliott R. Jacobson and Jack M. Gaskin
Abstract. Seventeen clinically ill desert tortoises, Gopherus agassizii, manifesting signs of an upper

respiratory tract disease were examined. Thirteen tortoises were euthanatized for detailed post-mortem
evaluations. For comparative purposes, four normal desert tortoises from a clinically healthy population were

similarly evaluated. Hematologic and serum biochemical findings included significantly (P (

0 . 05) lower

hemoglobin and phosphorus values and elevated values for serum sodium, urea, SGOT, and cholesterol in ill
compared to healthy tortoises. No significant differences in serum or liver vitamin A and E were found between

the two groups. While no significant differences were found for lead, copper, cadmium, and selenium, the livers
of ill tortoises had higher levels of mercury and iron.
Major pathologic findings were consistently found in the nasal passageways and nasal cavities in all ill

tortoises. At a gross level, a moderate to large amount of caseous exudate was seen in the nasal cavity of all
ill tortoises.
Light microscopy demonstrated diffuse, severe, subacute to chronic inflammation of the entire mucosa

and submucosa of the upper respiratory tract. In all ill tortoises, there was a loss of the normal cytoarchitecture
of the upper respiratory tract, with the normal surface epithelium replaced by proliferating epithelial cells in the
subadjacent basal layer. S c a t t ered t h roughout th e m u cosa, vacuolated epithelial cells, some containing
intracytoplasmic eosinophilic bodies, were commonly seen. By electron microscopy, small (350 to 450 ym in
diameter) pleomorphic organisms lacking cell walls were seen in close association with the surface epithelium

of all ill tortoises. These organisms resembled members of the genus Mycop/asma. No viruses were recovered
from the upper respiratory tract. Bacterial isolates from ill tortoises included a mixture of gram positive and gram
negative microorganisms. Pastauralla testudinis was isolated from the nasal cavity of all ill tortoises and one of

four healthy tortoises. An organism compatible with Mycop/asma was cultured from the nasal passageways
of ill tortoises and was ultrastructurally identical with the pleomorphic organism observed in association with
the mucosal epithelium of the nasal cavity in electron micrographs.
Mycop/asma spp. are known to cause chronic respiratory disease in a variety of mammals and birds.
However, since tortoises in the early stages of the disease were not examined, the exact cause of the pathologic
changes in the upper respiratory tract could not be determined. T r ansmission studies will be necessary to
determine the significance of the organisms isolated.
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T HE PROPOSED APEX PROJECT: A THREAT TO THE ARROW C A N Y O N -CO Y O T E
TORTOISE POPULATION
Bruce Jones
Abstract. Kerr-McGee, one of this country's principal producers of ammonium perchlorate, is proposing
to build a facility northeast of Las Vegas, Nevada. Ammonium perchlorate is one of the key chemical constituents
in solid rocket fuel, and Kerr-McGee is one of only two companies that supplies this important solid fuel element
to the United States space program. Construction of another facility is viewed as important because of the loss
in supply associated with the destruction of the Pacific Engineering and Production Company Plant, the only other
facility that produced ammonium perchlorate. Locating the facility outside the Las Vegas Metropolitan area also
would reduce human safety and health risks. The proposed site is currently in public ownership. Legislation
has been introduced that would transfer 3,800 acres (1,538 ha) to Clark County, Nevada. Clark County would
then sell the land to Kerr-McGee at fair market value. In addition to the 3,800 acres (1,538 ha), Clark County

is proposing to obtain as much as 17,000 additional acres (6,883 ha) from the Bureau of Land Management
(BLM). The area is touted as a future industrial park (Apex Heavy Industrial Park).
The site, including the additional 17,000 acres (6,883 ha), lies within the southern end of the Arrow
Canyon-Coyote desert tortoise (Gopherus agassizli') population. Significant negative impacts to this Category
1 tortoise population will likely result from implementation of the project. The northern part of the population
will be negatively affected by activities associated with Aerojet. A gr ow ing number of crucial habitat areas are
being lost or fragmented in southern Nevada. The intensity and extent of these losses are more significant than
anywhere else in the tortoise's range and significant loss of Category 1 and 2 habitats continues despite the fact
that the BLM has adopted a policy of "n o net loss of Category 1 and 2 habitats." A n i m m e diate and more
comprehensive approach among Nevada's land managers is needed to reduce and prevent cumulative impacts
associated with the development. The Kerr-McGee project also is typical of an increasing number of projects

which are approved through the legislative process. The BLM must follow its normal environmental analysis
process when dealing w it h p r o posals for d evelopment on p u blic lands (e.g., as o u t l ined in t h e N a tional
Environmental Policy Act and Federal Lands Policy Management Act). A d o p t ion of special interest legislation
often precludes participation by the owners of the land, the citizens of Nevada and this country.
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INVESTIGATIONS OF THE DESERT TORTOISE AT THE CALIFORNIA DEPARTMENT OF
HEALTH SERVICES' PROPOSED LOW-LEVEL RADIOACTIVE WASTE FACILITY SITE IN
WARD VALLEY, CALIFORNIA
Alice E. Karl
Abstract. A five-stage research project was conducted in 1988 in order to determine potential impacts
to the desert tortoise, Gopherus agassizii, from the construction and operation of the California Department of
Health Services' low-level radioactive waste facility in Ward Valley, San Bernardino County, California. Research
included: 1) a precise and accurate estimate of tortoise density, age structure, sex ratios, and distribution on
the proposed site; 2) a rough estimate of tortoise densities immediately surrounding the site; 3) an investigation
of the influence of the freeway on tortoise densities, movement, and potential gene flow in Ward Valley; 4) an
investigation of the influence of the Santa Fe Railroad route and former Route 66 on tortoise densities; and 5)
an examination of avian predation in Ward Valley. The relationship of population demographics to existing and
future impacts is presented.
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POTENTIAL IMPACTS OF THE PROPOSED FT. IRWIN EXPANSION ON DESERT
TORTOISE POPULATIONS AND HABITAT
Nancy Kaufman
Abstract. In the summer of 1988 t he U.S. Fish and Wildlife Service (USFWS), in response to a U.S.
Department of Defense proposal for expansion of the Ft. Irwin National Training Center, conducted biological
inventories in areas to the south, east and west of Ft. Irwin. A major part of this effort focused on determining
current densities and distribution of the desert tortoise (Gopherus agassizl/). The method used was the striptransect technique developed by K.H. Berry and L.L. Nicholson. Ninety transects were walked in potential desert
tortoise habitat between 28 June 1990 and 30 July 1988. W i t hin the study area, a maximum of 174 mi' (445
km') (79% of the total) exhibited tortoise densities of 0-50/mi' (0-19/km'). In addition, four separate locations
totalling 29 mi' (75 km') (10%) supported densities ) 50 tortoises/mi' () 1 9 / k m ') . I n general, human impacts
away from main roads appeared negligible in the study area. M it igations to offset the proposed expansion of
Ft. Irwin and to benefit the tortoise have included such concepts as fencing the project area, relocating tortoises
from inside the project area to adjacent lands, and acquiring and enhancing private lands in the western Mojave
Desert. H o w ever, USFWS is concerned that no format or methodology exists to accurately assess the value
of habitat to be lost and/or to determine means of re-creating these habitat values elsewhere. Major questions
remaining include: is it possible to acquire or enhance sufficient habitats to offset the project? and, are the losses
from this project so great that USFWS believes that, even with mitigation, implementation of this project will
represent a significant loss of tortoise habitat in the western Mojave Desert. S i nce the time of the tortoise
surveys, Ft. Irwin has proposed several additional alternatives which extend farther to th e w est i nto areas
considered to be even higher quality tortoise habitat than described above. These additional alternatives have
not been fully examined.
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THE SOCIAL BEHAVIOR OF WOOD TURTLES, CLEMMYS INSCULPTA, IN CENTRAL
PENNSYLVANIA
John H. Kaufmann
Abstract. The social behavior of wood turtles (Clemmysinsculpta) was studied for six years in central

Pennsylvania. The study population of 84 marked individuals had a sex ration of 1:1. Most of the infrequent
interactions between adult females were neutral. N o n-mating encounters between males and females were
evenly divided between non-agonistic and agonistic interactions; males, 88% w ere agonistic; of those 66%
involved physical contact such as nudging, ramming, biting, homosexual mounting. Most encounters lasted only
a few seconds to a few minutes, but some fights lasted up to 3.5 hours. Male-male encounters of all kinds were
significantly more frequent in the autumn than in the spring; a significantly higher proportion of the autumn
encounters were agonistic. The turtles were not territorial. The outcomes of the dominance encounters between
males revealed an essentially linear rank order that was positively correlated with age and weight.
Mating behavior was observed from April through October, but was concentrated in early spring and

especially in autumn. Most mounting sequences lasted from 1-5 hours, but some lasted for several days and
nights. N o s p er m wa s f o und in the f emales' cloacas immediately after 76 .4 % o f t h e o b served mounting
sequences, and only a trace of sperm was found in 8.1%. The other 15.5% of the sequences ended in copulatory
ties, and in all of these instances the females' cloacas were filled with sperm. B e cause most of the mating
behavior occurred in autumn and there was a single annual period of egg-laying in June, it was assumed that
females store sperm over winter. There was a significant correlation between male rank and various behavioral
measures of apparent mating success; these results were confirmed by a paternity study of DNA fingerprinting
in 1989.
Because some adult males, especially those who are newly matured, may be prevented from mating by

intrasexual dominance behavior, the effective population size (Ne) is probably lower than the total number of
adult males and females. T his places small, isolated populations at an increased risk of extirpation.
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THE CANTIL PROJECT
George E. Moncsko
Abstract. American Honda will begin construction of a vehicle test facility on a 6 mi' ( 15 k m ') parcel
of land at the northwest corner of the Desert Tortoise Natural Area (DTNA) this spring. American Honda's recent
acquisition at Cantil includes 5 mi' (1 2 k m' ) o f old agricultural fields and 1 mi' 2 . 5 ( k m' ) of d esert tortoise
(Gopherus agassizii) habitat. I n t h e s u m mer of 1 9 87 L. B ruce Nybo, Inc., acting for A m e rican Honda, first
proposed to Kern County development of the land at Cantil. In February of 1988, Kern County issued a permit
with 49 conditions, stating that there would be no significant environmental impacts. Several conditions on the
Kern County permit are mitigation and compensation measures for the tortoise. T hey include:
1) One or more of the following mitigation compensation measures:
a. Dedication of two adjacent sections (Sections 5 and 7) on the northwestern edge of the DTNA, with
fencing of outside boundaries and rehabilitation of damaged areas, or
b. Dedication and restoration of acreage similar to Sections 5 and 7 adjacent to or w ithin the DTNA,
or
c. A c ash contribution in an amount not to exceed $300,000 to The Nature Conservancy for land
acquisition or to the Desert Tortoise Preserve Committee for projects that will enhance the continued
preservation and existence of the tortoise;
2) Construction of a tortoise-proof fence along the southern and eastern parts of the project area;
3) Relocation of tortoises from the construction area;
4) Measures to discourage common raven (Corvus corax) use;
5) An education program for employees; and
6) Measures to prevent noise levels of 45 dB or greater from entering the Natural Area or other adjacent tortoise
habitat.
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COMPENSATION AND OTHER MEANS OF MITIGATING BIOLOGICAL IMPACTS FROM
POWER PLANT CONSTRUCTION
James R. Nelson
Abstract. Power plant siting in California has resulted in impacts to a v ariety of s ensitive biological
resources including desert tortoise (Gopherus agassizii). Wh ile the California Energy Commission has focused
primary mitigation efforts on avoiding impacts on-site or restoring damaged habitat, off-site compensation has
become an increasingly important mitigation tool. O f f - site compensation has been used to mitigate direct,
secondary, and cumulative impacts in projects approved by the California Energy Commission. T h e desert
tortoise has been the focus of mitigation measures at several projects in the Mojave Desert including the Navy
2 (Coso geothermal project), Luz Kramer (solar thermal project), Argus Cogeneration Expansion Project and the
Mojave Cogeneration project (cogeneration plants at existing chemical processing plants). The rationale used
in setting up off-site compensation for these projects is discussed.
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RECOM M E N D E D GUIDELINES FOR CONSTRUCTION MONITORING OF DESERT
TORTOISES
Thomas E. Olson and John F. Wear
Abstract. Recommended guidelines were developed from construction
monitoring of desert tortoises (Gopherus agassizli') that occurred during JuneA ugust 1 9 8 8 a l o n g a p p roximately 16 0 k m o f a f i b e r o p t i c c a bl e r o u t e .
Monitoring a c t ivities s h ould b e gin p r io r t o , a n d c o n t i nue b e y ond, a c t u al
construction to include cleanup activities. The role of the monitors should be
clearly defined p rior t o c o n s t ruction . E n f o r c ement p o w ers an d r e p orting
procedures for m o nitors should be d etermined. C o o r d ination w it h a g ency
compliance officers and construction personnel should commence early in the
planning stages and should be continuous throughout the c o nstruction and

clean-up phases. Weekly construction schedules should be presented to the
monitoring supervisor by c o n struction companies wit h a m i n imum 2 4 - h our
advance notice of m ajor changes. C o n s t ruction procedures should be f u lly

described to allow adequate staffing and to develop specific monitoring
procedures, such as location of m o n itors relative to m o ving equipment and

protocol for relocating tortoises. Additional responsibilities may include revegetation compliance and determination of m onetary compensation for unmitigated loss of habitat.
INTRODUCTION

Due to human-induced detrimental factors such as shooting, vandalism, illegal collecting, predation by
common ravens (Corvus corax), and injury and deaths caused by vehicles (Bury et al. 1977; Luckenbach 1982,
Berry 1986). D esert tortoise (Gopherus agassizil') populations have declined throughout much of the species'
range. In California and Nevada, the desert tortoise has several classifications of sensitive status, including
designation as a Category 2 federal candidate for listing as threatened or endangered (USDI 1989), California
state candidate for listing as threatened, California protected species (CDFG 1987), Nevada protected reptile
NBFGC 1978), and Bureau of Land Management (BLM) sensitive species (USDI 1980).
ln recent years, an increasing number of large-scale construction projects have occurred within desert
tortoise habitat. Examples of these projects include the construction and/or installation of linear features such
as transmission lines, pipelines, and fiber optic cables. The heavy equipment necessary for construction and
installation represent a potential source of injury and mortality to desert tortoises.
Project Description
During 1988, a fiber optic cable was installed along an approximately 370 km route from Rialto, California

to Las Vegas, Nevada (Dames & Moore 1988). In order to avoid significant adverse effects to desert tortoise,
a construction monitoring program was designed by Dames & Moore in consultation with BLM and the California
Department of Fish and Game (CDFG). M u c h of th e cable route paralleled state or federal highways (U.S.
Highway 395, Interstate Highway 15, Nevada State Road 604). P r edominant habitat types traversed were
creosote bush scrub, desert saltbush scrub, and Joshua tree woodland.
Approximately 75% of the cable was installed by pre-rippers and cable plows on large track-type tractors,

such a Caterpillar D-7, D-8, and D-9. The remainder of the route contained broken, rocky terrain and previously
developed areas which required the use of equipment such as trenchers, rock saws, and backhoes. A long the
length of the route, smaller tractors, trucks, vans, and other equipment were used during installation and postinstal)ation clean-up activities.
Prior to construction, BLM resource maps (based on Berry and Nicholson 1984) were used to identify

general areas to be monitored, which included those with medium to high tortoise densities (50/mi'; 20/km').
Potential areas to be monitored were refined during pre-construction surveys. Highly disturbed residential and
industrial development was deleted, and apparently suitable habitat outside of, but adjacent to, previously
identified medium to high tortoise densities was added. During construction, additional areas to be monitored
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were identified based on the relative number of observations of tortoises and sign.
Using the above criteria, approximately 160 km (in scattered locations) of fiber optic cable route were
monitored during construction (from early June through late August). During that time, multiple construction
sites were monitored simultaneously. The sites were often separated by relatively great distance (in excess of
1 60 km apart). Twelve different monitors were employed during construction and clean-up stages of the project.
In this paper we present recommended guidelines for construction monitoring of desert tortoises.
Recommended Guidelines
Because circumstances change throughout the construction schedule, guidelines also differ. Guidelines
presented below have been divided into pre-construction, construction, and post-construction phases. These
guidelines were developed prior to listing of the desert tortoise as threatened by the federal and California state

governments. Listing of this species will undoubtedly result in more stringent requirements by appropriate
agencies. However, many of the guidelines described below, particularly those for the construction phase, would
still be appropriate.
Preconstruction
An effective and efficient construction monitoring program is largely dependent on time and effort
expended prior to construction. Planning and communication cannot be overemphasized. Early meetings with
the client and agencies involved are essential.
Information from Clients
Important information to be obtained from the client includes a general overview of the project, including
location of r o u te, w o r k s c h edules, and construction procedures. T h e c l ient s h ould supply maps and/or
engineering drawings to the monitoring supervisor with sufficient detail to identify access along the route. Work
schedules are necessary to determine the number of monitors needed on a week-by-week basis, and to estimate
the relative amount of above-ground tortoise activity that should be anticipated based on the season of the year.
Construction procedures including the type of equipment used should be well described to help the monitoring
supervisor determine the number of monitors needed per construction crew. N a mes of persons who will act
as contacts for the client, contractors, and subcontractors should be obtained, along with telephone numbers.
Agency Interaction

Early meetings with the agencies involved should emphasize the development of criteria for identification
of areas to be monitored (in this example, densities of 5 0 t o rtoises/mi'; 20/km') and monitoring techniques.
The latter may range from optimum distance to remain in front of equipment during construction to minimum

qualifications of monitors. These meetings should be attended by the monitoring supervisor, agency compliance
officers, and appropriate agency biologists. By this time, procedures required to obtain necessary permits or
required Memoranda-of-Understanding for handling tortoises should have been determined.
Selection of criteria for monitoring, including dates when, and locations where, monitoring will be
required should be subject to agency approval. Early consultation with agency personnel is critical and can be

accomplished in an informal workshop setting. Final determination of areas to be included in the monitoring
program should be based on a thorough review of available sources of information (including literature and
personal communication), as well as a reconnaissance survey to the proposed construction area.

The monitoring supervisor must be allowed flexibility to alter dates and areas of required monitoring when
such changes are necessary. For example, year-to-year variation in phenology can change by several weeks the
earliest date of above-ground tortoise activity, and thus alter monitoring schedules. It should be recognized that

agency resource maps are to be utilized mostly for preliminary assessment of proposed construction areas.
Observations made during a reconnaissance survey should assist in refinement of areas to be m onitored.
Flexibility will allow monitors to add and delete areas from the monitoring program.
Establishing Responsibilities

During pre-construction meetings with agency compliance officers, the respective responsibilities of the
monitors, client, and agencies should be defined. It is especially important at this stage to establish the role of
the monitors. I n addition to monitoring for the presence of tortoises, other duties may involve:
1) Enforcement of a maximum allowable construction zone through tortoise habitat;
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2) Post-construction evaluation of habitat disturbance;
3) Assisting in determination of compensation for unmitigated losses; and
4) Preparation and compliance of a revegetation plan.
The extent to which the monitors will be involved in these other activities should be defined early, as should the
enforcement power afforded to them.
ln order to be effective, monitors should have the power to stop work on a temporary basis if the potential
for harm to tortoises exists. P r otocol should be established for reporting incidents and violations to agency
compliance officers. Examples might include, but not be limited to: 1) failure to comply with monitors' requests
to stop work; 2) conducting work in a designated monitoring area without a monitor present; and 3) repeated
disturbance of tortoise habitat beyond the approved construction zone.
Interaction with Construction Personnel
if possible, a m e eting including the m o nitoring supervisor and s upervisors, foremen and c o ntact
personnel for the client and contractors should be held just prior to the start of construction. A t t hat meeting,
the need for monitoring should be stressed. In addition, procedural information should be exchanged regarding
monitoring and actual construction or installation.
A good working knowledge of construction techniques is necessary to monitor effectively. For example,
during this project, two monitors per crew were often necessary during the installation of the fiber optic cable.
This was particularly true on relatively level terrain when pre-rippers and cable plows w ere used in tandem.
Although these two m achines often started a w orkday in close proximity, by m id-day they may have been
separated by up to tw o m iles, a distance too great to be covered by one monitor.
Preconstruction Surveys
Pre-construction surveys of the proposed route or project area conducted a few d ays before actual
construction can be helpful. These surveys should cover the construction zone and be more comprehensive than
the reconnaissance survey conducted earlier. During the pre-construction surveys, information on the relative

amount of tortoises and sign can be obtained on a area-by-area basis. This information may be valuable in
identifying areas that will require the greatest monitoring effort. At the same time, burrows that may potentially
be destroyed can be evaluated for the presence of tortoises before construction. Tortoises requiring relocation
may be moved at that time. If m onitors will be evaluating the amount of habitat disturbance after completion
of the project, then pre-construction conditions should be documented and photographed during these surveys.
Selection of Monitors
Ideally, all monitors would have had previous experience handling tortoises. How ever, considering the

number of monitors that may be required for several concurrent jobs, that is unrealistic. At the least, the
monitoring supervisor sh ould b e e x p erienced in t h e h a n dling o f t o r t o ises an d c o n struction m o n itoring.
Inexperienced monitors should be t r ained prior to t h e s t art o f c o n struction by t h e s u pervisor or a nother
experienced monitor. A l l monitors should have a strong field biology background. L ikely working conditions
(which are often difficult and uncomfortable) should be carefully described to all prospective monitors.
During Construction
The most important considerations during monitoring are maintaining constant communication with
supervisory and contact personnel for the client and contractors, as well as ensuring that understaffing does
not occur. The monitoring supervisor should be in daily contact with the scheduling coordinator or designated
contact for each construction company that is involved. This is especially important during construction of linear
features (such as cable routes and transmission lines), when multiple work sites are likely. Because scheduling
o f monitors at c o nstruction sites that may b e separated by as m uc h as 16 0 k m o r m o r e i s d i ff icult, t h e
construction companies involved should be required to submit weekly work schedules that include location,
number of crews, and type of equipment to be used. The monitoring supervisor should be given at least a 24-

hour notice of any substantial deviation from the weekly work schedule.
Monitor Staffing Levels

Within tortoise habitat designated for monitoring, at least one monitor should be present for each crew
that has heavy equipment. A s noted previously, often a second monitor is necessary, particularly if there is a
likelihood of heavy equipment becoming separated by a substantial distance.
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Monitors should evaluate on a daily basis which construction activities will require monitoring. Some
activities may be overlooked by contact personnel for construction companies. Monitoring may be required for
activities other than actual construction. If heavy equipment must be driven across a designated monitoring area
to reach a work site, monitoring may be necessary during the transport, in addition to actual construction.
The monitors' position relative to equipment varies with the type of equipment. S l o w - progressing
trenchers may not require constant surveillance, but rather periodic checks of the vicinity for tortoises and
burrows. In contrast, faster moving equipment, such as cable plows and pre-rippers require constant monitoring
along the route in front of them. Monitors on these crews should work at least 1 5-25 m in front of the equipment
to allow adequate time to stop machinery if a tortoise or burrow is found.
Tortoises and Burrows
Due to the possibility of voiding water during handling, tortoises should be moved only if equipment
represents a potential for injury. T o r t oises moving away from construction equipment should be allowed to
proceed, but constantly monitored to ensure their safety. If it becomes necessary to move a tortoise, care should
be taken during handling to avoid water loss The tortoise should be moved at least 35 m from construction
equipment. I t s s u bsequent location should be monitored as long as construction equipment remains in the
vicinity.
All tortoise burrows in the construction zone should be checked for the presence of tortoises. Because
burrows may be quite long, a flashlight, mirror (to reflect sunlight into the burrow), and/or a shovel handle may

be necessary. Extremely deep burrows may require use of a fiber optic scope. Similar to those observed above
ground, tortoises should be removed from burrows only if a potential for injury from equipment exists. In order
to remove tortoises, or to determine the presence or absence of tortoises, the excavation of some burrows may
be necessary. Tortoises removed from burrows which are subsequently destroyed should be kept in shade until
a relatively cooler part of the day. At that time, the tortoise should be relocated to a nearby burrow. An existing
unoccupied burrow may be used; otherwise one should be excavated.
All observations of tortoises and burrows should be described on data sheets, including location, time
of day, air and ground temperature, and habitat and weather conditions. Daily evaluations of the degree and
area of habitat disturbance should be made. T his information is valuable, as are photos, if compensation for

unmitigated losses of habitat is to be determined after project completion.
Open trenches within habitat should be monitored throughout the day. Trenches that are not backfilled

or securely covered at the end of each working day should be checked for tortoises in late afternoon, as well
as early the next morning.
During non-hibernating m o nths, m o nitorings should c o ntinue t h roughout t h e d ay , r e gardless of
temperature. At high temperatures, tortoises will be in burrows, or perhaps under relatively dense shrub cover.
In either case, they may be quite susceptible to injury or mortality caused by heavy equipment, During winter,
monitoring should be focused on locating and evaluating burrows that may potentially be disturbed or destroyed
by equipment.
Throughout the length of the project, monitors should continually inform construction supervisors and
workers of the status of the desert tortoise and the need for monitoring. This is an important point because work
crews and construction companies change with various phases of construction.
Post-Construction
A common misconception, especially among construction personnel, is that tortoise monitoring always

ends when construction or installation has been completed. The need for monitoring may, and in most cases
does, continue due to clean-up and reclamation activities. S imilar to the construction phase, the monitoring
supervisor should be informed of the types of clean-up and reclamation procedures that will take place, including
location and number of crews as well as type of equipment. If equipment used for clean-up activities is similar
to that used during construction, the need for continued monitoring is obvious. In other cases, monitoring may
not be necessary because only lighter-duty vehicles (pick-up trucks, vans) are used.

Evaluation of Habitat Disturbance
Responsibilities may shift after completion of a project from monitoring for the presence of tortoises to
evaluation of h a b itat d i s t urbance, assistance in d e t ermining c o mpensation fo r u n m itigated losses, and
involvement in a revegetation program. Following completion of construction, all portions of the route or project
area designated for monitoring should be reviewed by the monitoring supervisor, agency compliance officer, and
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contact personnel of the client and any contractors. This review should be the basis for finalizing compensation
requirements.
Revegetation
Specifications for revegetation should be developed prior to construction and include the responsible
party (client, client's contractor), required locations (such as, in all disturbed areas, only in areas outside of the
approved construction zone), species composition of plants to be used, and timing and method of revegetation.
T he role of th e m o n itor could potentially continue by m onitoring the compliance and effectiveness of t h e
revegetation program.
SUM M A R Y AND CO N C L USIONS
The key to effective and efficient construction monitoring of desert tortoises is early planning with
appropriate agencies and communication throughout the project w it h c o ntact personnel of th e c lient, any
contractors and subcontractors, and the agencies. Meeting early with the client and agencies is important to
the monitoring supervisor to determine where monitoring is necessary, to agree upon monitoring techniques,
and to evaluate needed staffing levels. If revegetation and compensation will be required, both programs should
be developed at these meetings. Throughout the construction phase, the most important points to consider are
continued communication with schedule coordinating personnel of construction companies and maintaining
appropriate staffing levels of monitors. The client and construction personnel must be made aware that the need
for monitoring may not end when standard construction is completed.
Based on our experiences with construction monitoring along a fiber optic cable line in 1988, tortoise
monitoring programs could be improved by the following:
1) Granting of definitive enforcement power to the monitors;
2) More frequent visits by agency compliance officers;
3) Clear delineation of responsibilities in addition to monitoring of tortoises assumed by the monitors
(for example, assessment of habitat disturbance, concurrent monitoring for other wildlife and plant
species);
4) Early development of a revegetation plan that will be monitored for compliance and success; and
5) Field review by, and formal meetings including, the monitoring supervisor and personnel of the client
and agencies for the purpose of determine compensation for unmitigated losses.
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PROPOSED RAVEN REDUCTION PROGRAIVI FOR 1989: A COORDINATED AGENCY
EFFORT
Ted Rado
Abstract. Common raven (Corvus corax) populations are increasing rapidly in portions

of the California deserts where expanding human uses have provided supplemental nesting
and roosting sites and increased food sources. Recent data analyses and field studies have
documented significant regional increases in juvenile desert tortoise (Gopherus agassizri)
mortality as a result of predation by common ravens. S e lective predation by ravens has
apparently altered size-age classes of tortoises in portions of the Mojave and Colorado deserts,
lowering juvenile recruitment rates . H e a v iest predation rates have o ccurred in r e gions
exhibiting highest rates of raven population increases. A pilot raven control program has been
jointly proposed by the U.S. Bureau of Land Management, U.S. Fish and Wildlife Service, and

California Department of Fish and Game. Other involved agencies include the U.S. Department
of Agriculture and the U.S. Department of Defense. An estimated 1,500 ravens will be killed
in two portions of the California deserts over a four month period in 1 989 using a combination
of poisoning and shooting. Program measures to minimize effects to non-target species and
agency roles during project implementation are discussed.
INTRODUCTION
Common raven (Corvus corax) predation on y o ung d esert t o rtoises (Gopherus agassizl'I) has been
documented and reviewed in prior studies (Berry 1985, Woodman and Juarez 1988). Locations where impacts
are greatest are within the western Mojave Desert and northern Colorado Desert. A n a lysis of breeding bird
survey information collected by the U.S. Department of Interior (USDI), U.S. Fish and Wildlife Service (USFWS)
since the 1960s indicates substantial raven increases in these regions over the preceding twenty years (Table
1). Increases may be the result of human-induced alteration of desert regions, providing: 1 ) trash and refuse

sites; 2) increased perching sites from construction of fences, utility lines, and structures; and 3) increased
nesting sites from similar actions (Berry 1985). A r eas where ravens are exhibiting the greatest populational
increases correspond closely to regions undergoing the highest rates of juvenile tortoise predation (USDI 1989).
Possible reasons for this heavy use of young tortoises as a food source include the raven's ability to learn quickly
and to efficiently exploit seasonally available food supplies, and the capability of this predator to forage over large
areas (Berry 1985; USDI 1989). J u v enile tortoises preyed upon by ravens exhibit characteristic punctures in
the plastron or carapace in about two-thirds of the remains analyzed (Berry 1985). Soft tissues of tortoises may
also be eaten by removing the head or limbs, thus leaving the shell intact. J u venile tortoises with a mean total
length of less than 100 mm are preferred food items (Berry 1985). To rtoise remains have been collected from
below raven nests (Woodman and Juarez 1988; T. Rado, pars. obs.), along fence lines (Campbell 1983), on
knolls (Berry 1985), and at natural perching sites such as Joshua trees (USDI 1989).
Apparent excessive regional predation by r avens, selecting for y o ung age-classes of t o rtoises, has
negatively affected this species through reduced recruitment rates, lowered numbers of juvenile tortoises, and
altered age-class composition. Raven predation also contributes to overall tortoise population declines resulting
from a larger number of contributing causes (USDI 1989). T o r t oise populations experiencing highest raven
predation rates are within the western Mojave Desert (Table 2). The high mortality rates on juvenile tortoises
resulting from raven predation limit opportunities for long-term populationa stability.
Raven Control Program
A pilot program to reduce excessive regional predation levels on juvenile desert tortoises by ravens was
developed during 1988. Lead agencies in this effort were the U.S. Bureau of Land Management (BLM), California
Department of Fish and Game (CDFG), and USFWS. O t her involved agencies were the U.S. Department of
Defense. The goal of this program effort was to establish a more natural predator-prey relationship between
ravens and tortoises where predation had become excessive. Program actions developed to achieve this goal
involved raven control through use of selective poisoning and shooting. The program would entail the destruction

of approximately 1,500 ravens in two portions of the California deserts over a four month period in 1989.
201

Table 1. Regional population increases of common ravens in the California deserts, 1968-1988.'

Area

Overall percent increase
between 1968 and 1988

Average annual
ercent increase

Mojave Desert

15

1 500

Colorado-Sonoran Desert

500

Great Basin Desert

200

Southern California Basin

300

Data from USDI (1989), expressed in rounded numbers.

Table2. Juvenile desert tortoise mortality rates attributed to common ravens in selected California desert tortoise
study plots, 1976-1987 .'

Area

Y~ar

Total numbers
o ft r t i dea h s

Percent attributed
fg raven kills

30
19
79
67

WESTERN MOJAVE DESERT
Fremont Valley

1 976-81
1987

37
13

Desert Tortoise Natural Area
Desert Tortoise Natural Area
Interpretive Center
Kramer

1 978-82

92

1985

40

1980-82

20

1987

99

1 978-81

29

1986

24
17

Stoddard Valley
Lucerne Valley
Johnson Valley

1980
1986

45
88
48

36
34

18

EASTERN MOJAVE DESERT
I vanpah Valley

1977-79
1986

13
15

14

1987

33

1 977-82
1977-82
1987

36
47

19
3

COLORADO DESERT
Ward Valley
Chemeheuvi Valley
Chuckwalla Bench
Chuckwalla Valley

13

Data adapted from USDI (1989).
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Interagency meetings to d i scuss this project and t o r e v iew v a rious control measures were held in
Riverside, California, on 12 August, 27 October, and 6 December 1988. A draft environmental assessment (EA)
was subsequently completed in January 1989. A p p r oximately 80 comments were received during public and
a gency review. A D e c ision Record summarizing these comments was completed in April 1989 .

Selective poisoning of ravens will be undertaken by the Animal Damage Control Office. The pesticide
"Starlicide" (3-chloro-p-toluidine hydrochloride, or DRC-1339) will be injected into hard-boiled eggs placed in
areas where juvenile tortoise remains exhibiting raven predation sign have been found. A d ditionally, poisoning
will be undertaken at selected landfills where numbers of birds congregate to perch or scavenge refuse. Death
from Starlicide poisoning occurs due to kidney failure or central nervous system depression within 24-48 hours
after ingestion.
Once ingested, Starlicide is rapidly metabolized into non-toxic compounds that are excreted prior to death.
Potential secondary poisoning of scavengers, such as turkey vultures (Cathartes aura) or coyotes (Canis latrans)
appears to be very low. P rior tests involving feeding Starlicide-killed birds to dogs, owls, foxes and hawks did
not result in subsequent sickness or death (USDI 1986). The potential for direct poisoning of non-target species
via consumption of poisoned eggs will be minimized. Starlicide toxicity is high for ravens, while significantly
lower for many other species of birds and mammals (Table 3). Pre-baiting treatment areas with unpoisoned eggs
will also provide for a determination of exposure hazard to non-target species. Poisoned eggs will be available
during daylight hours only, preventing exposure to nocturnal species. A d d i tionally, eggs will be placed on
specially constructed elevated platforms to minimize opportunities for consumption by terrestrial species such
as coyotes or kit foxes ( Vulpes macrotis) . Bait stations will be prominently posted (signed) to warn recreationists.
Raven control efforts will be minimized in those areas subject to heavy recreational uses.
Although principally developed and used for control of blackbirds, starlings, and gulls, Starlicide has
previously been used for raven control. Eggs treated with Starlicide to control predation on least terns {Sterna
antillarum) at Camp Pendleton in California were readily consumed by ravens (Butchko, pers. comm.). L arsen
and Dietrich (1970) reported an estimated 90)( reduction in the local raven population with Starlicide-poisoned
meat at a site in Oregon. When assessing effectiveness of various forms of control at Malheur National Wildlife
R efuge, Paullin (1987) noted increased raven control using Starlicide-treated eggs than with shooting. T h e
c aution of ravens w hen approached by humans on foot has been previously noted (Knight 19 8 6) . U s e o f
Starlicide has th e a d vantage of p r ior d e monstrated effectiveness in a m a n ner t hat m i n imizes behavioral
disturbance to nesting or perching sites through human contact.
Raven control via shooting will be used to supplement poisoning. Individual ravens observed at nesting
sites and perches where juvenile tortoise remains have been documented will provide the focus of this control
effort. Shooting will be undertaken by the Animal Damage Control Office staff only, with constraints imposed
by local and county ordinances. Caution will also be exercised to protect structures in areas where ravens may
be present, such as transmission towers and lines.
Several other methods of raven control were considered, but dropped, during the project review process.
These actions included destruction of r aven nests and addling (i.e., scrambling embryos by s h aking eggs
vigorously, then returning these to the nest to confuse adult birds). All were judged impractical, based on a prior
review and subsequent rejection during a raven control program undertaken by the USFWS at Malheur National
Wildlife Refuge (USDI 1986).
Program implementation is contingent upon obtaining all necessary permits. T h ese include a pesticide
use permit by Animal Damage Control, and a depredation permit issued by USFWS. S t i pulations restricting
program actions may additionally be imposed by some or all of these permits.

Program Review
The extended period of t im e b etw een ingestion of p o isoned bait and death w il l p revent any exact
determination of numbers of individual ravens killed using Starlicide. Gauging the relative success of the raven
reduction program on constituent desert tortoise populations will also be difficult due to the longevity of the
species and prolonged time to maturity. I m m ediate monitoring actions will consist of counts of ravens at set

points for a set period of time prior to and after the program. A decrease in numbers of ravens observed will
be construed to represent a corresponding reduction in the raven population. Future evaluation of data collected

from desert tortoise study plots within raven control areas may provide more precise information from which
to review project success or failure.
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Table 3. S t arlicide toxicity to various wildlife species.'
Species

Approximate lethal oral dose
(50% of treated animals, expressed in mg/kg)

REPTILES
Turtle

1,040'

BIRDS

European starling

3.8

Red-winged blackbird
Mourning dove

1.8 — 3.2
5.6 - 10.0
17.7
4.2
4.2
) 100
) 320

Rock dove
Ground dove
White-winged dove

Golden eagle
American kestrel

320 - 1,000
100

Cooper's hawk
Northern harrier
Red-tailed hawk
California quail
Common raven
White-crowned sparrow
Curve-billed thrasher

(320
(10
13.5
) 320
3.2

MAMMALS
Coyote
Dog
Dog

) 100
100 (no kill)
71

Deer mouse

1,800
280

Gray squirrel

'Data from Shafer (undated), Environ. Prot. Agency (unpubl. data), and as adapted from USDI (1989).
'Not administered orally
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CUMU LATIVE IMPACT ASSESSMENT AND MITIGATION PROPOSAI FOR THE WARD
VALLEY SITE
Stephen J. Romano
Abstract. US Ecology, Inc. is the State of California's designee to locate, develop and operate a lowlevel radioactive waste disposal facility to meet requirements of federal and state laws. In early 1988, a proposed
project site was identified in the Ward Valley within the Fenner-Chemehuevi Valleys Crucial Desert Tortoise
Habitat in southeastern California. T o s u pport preparation of a Proponents Environmental Assessment, US

Ecology conducted site-specific and vicinity studies of the desert tortoise (Gopherus agassizii'I. Also, a detailed
cumulative impact assessment based on crucial habitat boundaries was developed. T his assessment, which
considers the range of activities threatening the tortoise as w ell as t heir relative impacts, wa s g u ided by
recommendations of a n a d h o c g r o u p f o r med t o r e v iew b o t h i m p acts s t ud y w o r k a n d m i t i gation plan
development. US Ecology's objective is to establish mitigations for the Ward Valley project that will minimize

site-specific impacts and off-set the remaining impacts. Due to the proposed project's location in a narrow
corridor of relatively high tortoise densities transected by a major interstate highway, the opportunity to
significantly reduce a pre-existing and highly detrimental impact is presented. The company's preliminary
mitigation proposal includes fencing Interstate Highway 4 0

a c r oss Ward Valley and directing tortoises to

maintained culverts. Other mitigation measures, addressing both project impact minimization and impact offset,
are also proposed.
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ARIZONA STATE 1989 REPORT: THE ARIZONA GAME AND FISH DEPARTMENT
Cecil R. Schwalbe
Interagency Cooperative Agreement - Recent declines in desert tortoise densities and unexpectedly high tortoise
mortalities in eastern Mohave Desert populations have caused concern among agencies responsible for managing
the desert tortoise and its habitats in Arizona, Nevada and Utah. I n formation is needed to determine tortoise
population status and to clarify impacts on the tortoise and its habitats to select appropriatemanagement actions
in that geographical area. Collecting this information requires more resources than can be provided by a single
agency.
Wildlife and land management agency representatives met informally during the past tw o y e ars to
recommend appropriate studies and actions. A c o o perative agreement was suggested as the most effective
vehicle to share funds, manpower and/or equipment among agencies. At its February 24 public meeting, the
Arizona Game and Fish Commission authorized the Department to enter into a cooperative agreement with the

U.S. Bureau of Land Management (BLM), U.S. Fish and Wildlife Service (FWS), Nevada Department of Wildlife
and Utah Division of Wildlife Resources to facilitate effective research on and management of the desert tortoise
in that tri-state region. Th e agreement is being circulated among cooperators for signing.
Physiological Study P roposal - T h e D e partment p r oposed t o t h e F W S O f f ic e o f E n d angered Species in
Albuquerque a jointly-funded, five-year study to compare physiological characteristics of desert tortoises from
various habitats. T h e p r i m ary p u rpose of t h e s t ud y i s t o d e t e rmine, by a c o m b ination of r a d iographic,
hematologic, histomorphometric and veterinary diagnostic procedures, if there are significant differences in
blood and bone parameters or disease factors in desert tortoises from grazed or relatively undisturbed habitats.
This study will also determine whether certain physiological conditions of tortoises can be determined using
histological preparations of bone biopsies.
Arizona Interagency Desert Tortoise Team - The Arizona Interagency Desert Tortoise Team met four times in
1988, with most of the Team effort directed toward completion of the draft Arizona Desert Tortoise Management
Plan. The draft plan was submitted for participating agency review in March 1989 . F o l low ing revisions, the
p lan will be submitted for outside review during the spring of 19 8 9 .
Habitat Evaluation - In March, 1988, Arizona Game and Fish Department (AGFD) assisted BLM in evaluating
tortoise habitat in the New Water Mountains. On April 23, 1988 Ted Cordery (BLM), Russell Haughey (Luke

Air Force Range, LAFR) and Cecil Schwalbe (AGFD) surveyed desert tortoise habitat in southern Arizona from
a fixed-wing aircraft. The Sierra Estrella, Maricopa, South Maricopa, Table Top, Sawtooth, Silverbell, Picacho,
Sand Tank and Saucedo mountains were evaluated and photographed. We had hoped to locate desert tortoise
habitat on the Luke Air Force Range that was similar in geology and vegetation to existing BLM desert tortoise
study plots so comparisons could be made between tortoise populations subjected to different livestock grazing
regimes. Even though we w ere unable to find study sites on LAFR that we could compare to existing plots
immediately, the aerial survey was extremely cost effective in assessing desert tortoise habitats in those 9

mountain ranges. Additional aerial surveys are planned in 1989.
Document Review - Eight desert tortoise research and management proposals and reports were evaluated. The
Department participated in the Workshop on Desert Tortoise Inventory, Monitoring, and Data Analysis Standards
sponsored by BLM in Las Vegas, November 21-22.
Public Information and Involvement - The Department is printing, for distribution this spring, a informational
brochure on the desert tortoise. Permits have been issued to individuals in the Tucson and Phoenix areas who

are contacting developers and removing desert tortoises from construction sites before the areas are bulldozed.
Some tortoises are being marked and relocated to a nearby "natural area" on one of the development sites. Most
of the tortoises are placed in the captive desert tortoise adoption programs.
Adoption Programs - Desert tortoise adoption programs were continued in Tucson by the Arizona-Sonora Desert
Museum and i n P h o enix b y t h e D e p artment's A d ob e M o u ntain W i ldlife Center . K a t h l een M c N aughton

administered the adoption of 287 tortoises in Tucson. Robin Spahr adopted 105 tortoises from
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Adobe Mountain. Even with minimal publicity for the programs, so many applications have been received that
the expected waiting period for a tortoise is now between two and three years.
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THE LUZ TORTOISE RELOCATION AT KRAMER JUNCTION: A REVIEW AND UPDATE
Glenn R. Stewart, Marianne Marshall and Robert Cimberg
Abstract. As p art of t he conditions for certification of the LUZ Solar Electric Generating Systems at
Kramer Junction, California, movements of 14 relocated and resident desert tortoises (6opherus agassizii'I have
been monitored for periods ranging from 3-18 months (early May 1987 to early November 1988). T h ere is a
wide range o f v a r iation i n t h e d i s tances traveled by b o t h r e located and r esident t o r t oises (straight-line
measurements of 110-6,768 m and 185 to 1, 620 m, respectively). Soon after their release at the relocation
site, some 5,635 m from the LUZ project, three relocated tortoises exhibited long-distance movements which
approximated the direction to a "home" point at LUZ. H o w e ver, an analysis of the directions represented by
the November 1988 locations of all 14 relocatees relative to the "home" point does not reveal a clear homing
tendency. In fact, six of nine relocatees still under observation in November 1988 had settled within 500 m of
their initial release points. Survival of relocated tortoises appears to be good. Only two of the 14 transmitterequipped tortoises released in May 1987 are known to have died, both from undetermined, but possibly stressrelated, causes. No residents are known to have died, but two may have been lost in clear-cut cases of poaching.
In addition, three relocatees have been lost after apparent transmitter failures. A p p roximately 20 courtship/
mating encounters have been observed, mostly between resident males and relocated females. Seven of eight
male agonistic encounters observed have involved only resident individuals. Burrow sharing occurs commonly
among tortoises representing various combinations of sexes and origins. It seems that no deleterious effects
have resulted to either the resident or relocated populations due to the introduction of relocated tortoises.
However, final conclusions about the effectiveness of this relocation effort must await completion of two years
of field work and further analysis of the data.
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CURRENT DIRECTIONS IN DESERT BOTANY
Frank C. Vasek
Abstract. Am ong the many botanical treasures to be found in the Mojave Desert are clonal rings of
creosote bush and the showy carpets of annual wildf lowers. Creosote clonal rings develop by the continual
production of new branches around the periphery of the stem crown and the eventual death and decay of the
original stem crown and the eventual death and decay of the original stem crown and of the older branches.
Circular to elliptic clonal rings develop in fairly stable desert environments with low summer precipitation. Clonal
rings accumulate a mound of sand in the center, which probably acts as a water reservoir and helps clones survive
longer drought periods than younger plants without sand reservoirs. Creosote rings may attain sizes of up to
about 35 m on the long elliptical axis and ages up to about 12,000 years.
Annual wildf lowers occur in the desert, sometimes in great abundance. A few species grow and flower
during brief periods of summer rain, but most species flower in spring following long periods of winter growth.
Some species usually occur in association with shrubs, most often on the loose sandy soil that accumulates
around the base of shrubs or within the interior of a shrub clonal ring. Plants of other species are found in the
open flat areas between shrubs where the showiest displays of wildf lowers occur. The shrub-associated species
frequently share their sandy mound with various burrowing animals, for the mound soil is easy to burrow in,
is often moist, includes shrub roots for protection and provides some annual plants to feed on. So, the botanical
treasures lead to animal treasures, and we are now only beginning to appreciate the workings and interactions
of the shrub-mound-plant-animal interaction.

The introduction and recent spread of Mediterranean weeds in the desert has had profound effects on
the desert ecosystem. H uge weed populations inhibit annual wildflower species by direct competition and by
occupation of soil space. T h us, areas once well known for displays of wildf lowers are now w eed patches.
Furthermore, large stands of introduced weeds provide sufficient fuel to carry wildfire through populations of
shrubs. Native desert shrubs have not experienced fire during their evolutionary history and have no particular
adaptation to survive any but fires of very low intensity. I ntense fires and repeated burning lead to wholesale
destruction of shrubby plant communities and the replacement of annual wildflower species by more weeds.
Large areas of the Mojave Desert are now huge weed patches with very high potential for burning. Weeds and
fire leave little potential for native shrubs, clonal rings, shrub associated annuals and the burrowing animals
associated with them.
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D IFFERENTIAL GRO W T H

R A T E S AN D S H A P E DIFFERENCES BETW E E N A G E C L A S S E S

AND SEXES IN THE DESERT TORTOISE
Michael Weinstein
Abstract. An alysis of m orphological measurements from 5,409 d e sert tortoise (Gopherus agassizi>1
records shows that the overall shape of the tortoise changes as it grows. H atchling tortoises have high-domed
carapaces, and are nearly as wide as they are long. As they grow, their lengths increase more rapidly than any
of their other shell measurements, thereby making them proportionally narrower in width and lower in height,
relative to their length. By the time they reach sexual maturity, males and females begin to diverge in shape due
to differential growth rates. Males grow more rapidly in all dimensions than females, but an especially fast growth
rate in width at the front end (M3 position) gives them a more "boxy" shape than females. T his difference

becomes more pronounced the larger they become.
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MUSEUM EXHIBITS: EDUCATING THE PUBLIC ON DESERT TORTOISE
PALEONTOLOGY, NATURAL HISTORY, AND CONSERVATION
Connie Wheeler
Abstract. Mu s eum e xhibits can be a m e a ns of e d u cating the p ublic about t h reatenedlendangered
species, their habitat requirements, and conservation. Exhibits can teach not only the natural history of a species,
but can also guide the public to a higher level of awareness regarding the effects of man's interaction with the
environment. A d esired result of an educated public is a change of behavior in relation to endangered species
and their habitats. A m u s eum exhibit with components on paleontology, natural history, and conservation is
being developed for the San Bernardino County Museum. One panel will address the paleontology and natural
history of the desert tortoise (Gopherus agassizii1. The second panel will show the impacts on the desert tortoise
population and its habitat. T h e second panel will also introduce the public to concepts such as endangered
species, habitat fragmentation and indicator species. Museum attendance statistics indicate that a significant
number of people will be exposed to the concepts. The exhibit is being developed in conjunction with the museum
by the California Turtle and Tortoise Club, Inland Empire Chapter with Kristin Berry as advisor.
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QUALITY GRAPHICS: OPPORTUNITIES FOR DYNAMIC PRESENTATIONS
Catherine Williams
Abstract. Presented here are some pointers on the basics of good visuals for presentations. The purpose
of visuals is to make you an impressive, lively presenter with a meaningful message. To do this, your visuals
need to look professional and be easy to read and understand. Dynamic and exciting visuals translate your ideas
without eclipsing the points you are trying to make. A study done by the Wharton Business School concluded
that: 1) visuals shorten the length of meetings and therefore increase productivity; 2) a group consensus is
reached in approximately 79% of meetings with visuals vs. 58% w hen no visuals are used; 3) decisions are
reached in a more timely manner; and 4) the speaker is perceived as being more professional and credible.
Following are examples of tables, figures, graphs, histograms and text slides, and how the effective use of color
can enhance your message.
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THE RELATIONSHIP BETWEEN SOIL TYPES AND POPULATION DENSITIES OF THE
DESERT TORTOISE (GOPHERUS A GASSIZIII
Randall Wilson
Abstract. Detailed soil survey data were collected in the Piute Valley, Clark County, Nevada. Fifty-eight
soil sites were sampled and analyzed in the study area and eight soil map units were derived from the data. The
purpose of the inventory was to categorize soil types that occur within known population densities of the desert
tortoise I Gopherus agassizill. A p otential rating for tortoise habitat was developed using seven soil properties:
available water capacity, soil consistence, depth to limiting layer, flooding, salinity, soil temperature and rock
fragment content . B y c o m p aring soil map unit d elineations, potential ratings, and landscape position to

population estimate data for the tortoise, a direct correlation was observed. The data indicate that there is a
relationship between soil types and population densities of the desert tortoise.
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INTERACTIONS BETWEEN RAVENS AND TRANSM ISSION LINES
Leonard S. Young, Kathleen A. Enge, Karen Steenhof, Michael N. Kochert and Jerry A.
Roppe
Abstract. Fourteen roosts of common ravens (Corvus corax) were located on Pacific Power's Malin to
Midpoint 500 kV transmission line from 1983-88. Over 2,000 ravens were recorded at the largest roost in July
1984. P eak counts at 6 o t her roosts exceeded 500 ravens. P eak numbers occurred during late summer.
Transmitter-equipped ravens commonly shifted among roosts, and u sed agricultural and r iparian habitats
significantly more than expected by chance. Roosting ravens fed primarily upon cereal grains, cattle carrion,
small mammals, grasshoppers, other birds, and eggs. Roost towers were modified to prevent electrical problems
caused by fecal contamination. Raven pairs nesting on the line increased each year from 1981 (the year the
line was constructed, n = 1) to 1987 (n = 81), but plateauedin 1988 (n = 80). Nesting ravens pose not threat
to operation of the line.
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CONTINUED DECLINES OF TORTOISE POPULATIONS IN THE WESTERN MOJAVE
DESERT: RESULTS OF 1989 SURVEYS AT THE DESERT TORTOISE NATURAL AREA
I NTERPRETIVE CENTER AND FR E M O N T

PEAK

Kristin H. Berry, Timothy Shields, Gilbert Goodlett, Steve Boland, Robert Gumtow,
Pamela R. Knowles and Craig J.Knowles

Abstract. In spring 1989, G. Goodlett, T. Shields, and S. Boland surveyed the 3 mi' (7.7 km') permanent
study plot at the Desert Tortoise Natural Area (DTNA) for desert tortoises (Gopherus agassiziil. Th e plot was
previously surveyed in 1979 and 1985 . Fo r analytical purposes, the plot is divided into two subplots: i n side
the protective fence (1.75 mi' = 4.5 km') and outside the protective fence (1.25 mi' = 3,2 km') . D e nsities
for all size classes declined by about 69%, from 339 tortoises/mi' (286-402) (868/km') to 1 0 6 / mi' (8 3- 137)
(271/km') between 1979 and 1989 on the subplot inside the fence, whereas densities declined by about 73%
outside the fence, from 296/mi' (232-378) (758/km') to 80/mi' ( 5 1 - 125) (205/km') during the same time period.
The differences in densities between 1979 and 1989 w ere significant at the 95% confidence interval (Cl) for
both subplots. S o urces of losses to the populations include gunshots, vandalism, excessive raven predation,
vehicles, and upper respiratory disease syndrome (L)RDS). Signs of URDS were observed in 10,6% of the 217
registered tortoises. T h ree captives apparently were released during the course of the 60-day spring survey;
two showed signs of URDS. Quality of habitat declined outside the protective fence, with a 93% increase in
denuded areas between 1979 and 1989, and a 541% increase in acreage of trails one yard in width. B u reau
o f Land Management recreation specialists estimate that betw een 2 , 66 0 an d 8 , 2 5 0 v i s itors came t o t h e
interpretive center annually between 1982 and 1988 . F i gures for the subplot outside the fence are higher.
R . Gumtow, C. Knowles, and P. Knowles conducted a 60 day spring survey on the 1 mi ' ( 2 . 6 k m ' )
Fremont Peak plot. The plot was previously surveyed in 1977 (15 day survey), 1980 (30-day survey) and 1985
(60 day survey). Numbers of tortoises registered/survey effort have declined from 2.1 in 1977 to 1.4 in 1980,
and to 0.5 in 1989 (76% reduction). Using the Lincoln Index, densities of tortoises have declined from 99/mi'
(45-219) (253/km' ) in 1 98 0 t o 3 2 / mi' ( 1 7 -60) (82/km') in 1 9 89 , C h a nges in densities are not statistically
significant at the 95% Cl, probably due to low sample sizes. Statistically significant changes have occurred in
size-age class composition between 1977 and 1989, w ith the trend toward increasing proportions of adults.
D eaths are caused by f a c t ors s uch a s s h o oting, v andalism, vehicles, and r aven predation. H a b i tat h a s
deteriorated between 1977 and 1989 from a new 0.6 mile (1 km) road, off-road vehicle use, and sheep use.
An estimated 2,000 vehicles pass through the plot each year.
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1989 STATUS REPORT OF THE DESERT TORTOISE PRESERVE COMM ITTEE
Jayne Chavez-Scales
Abstract. The Desert Tortoise Preserve Committee (DTPC) has worked hard during 1989 to deal with
conservation issues concerning the desert tortoise (Gopherus agassiziil. In the area of stewardship of the Desert
Tortoise Natural Area, DTPC and the Bureau of Land Management (BLM) cooperatively funded a naturalist
position at the Natural Area for 1989-1990. The naturalist, Jeff Howland of the University of California at Los
Angeles, provided interpretive services to the public. Copies of his report are available. A n important future
goal of the DTPC is to create an endowment to fund the naturalist position annually. DTPC also conducted 14
tours with a total of 350 persons, and two major work parties to maintain the fences and signs. In the area of
G overnment Affairs, the Committee participated in several activities involving BLM programs. S ome of t h e
programs are: T e c h n ical Review T eam fo r t h e Rand M o u ntain management plan, coordination for l and
acquisition, and r aven co ntrol . D T P C' s v ice p resident for i n dustrial interface w o rked w it h i n dustry and
government to reach agreement on mitigation and compensation for desert development projects. In July of
1 989, DTPC received $ 6 7 , 00 0 f r o m t h e M o j ave Cogeneration Company as m i t igation fo r i m pacts f r om
construction in the vicinity of Boron, California. I n a M emorandum of Understanding among DTPC, Mojave

Cogeneration Company and the California Energy Commission, 70% of the funds must be used for purchase
of habitat and 30% must be available for research and management of the tortoise and its habitat. The Mojave
Cogeneration Company also published an educational brochure on rare and endangered species living in the
project area. The brochure was given to all its employees, contractors, and subcontractors. D TPC supplied
several photos for th e b r ochure. D T P C also has w o rked w it h H o nda Motor Company, Kerr-McGee, and
Westinghouse.
DTPC strives to provide educational materials and information to the public. In 1989, DTPC presented
35 educational programs to 2,426 persons. With the help of DTPC's contractor, Curtis Horton, DTPC has been
able to generate donations or grants to help fund two major campaigns. The Lifeline Fund provided funds for
land acquisition and the Frontline Educational Campaign deals with educating the public on the illegal release
of captive tortoises and issues regarding the desert tortoise in the wild. DTPC also secured enough donations
to acquire a mobile interpretive center. The Discovery Center is the home of the naturalist and also an educational

center available to schools, museums and zoos. DTPC secured two major grants from government and private
industry. The California Department of Fish and Game awarded DTPC $100,000 from the Environmental License
Plate Fund for land acquisition. The IBM Corporation awarded the DTPC $2,500 worth of computer equipment

to assist in educational pursuits. We will continue to seek out funds from private corporations and welcome
donations. DTPC is genuinely interested and has contributed to other educational projects promoted by other
conservation groups. One project is the desert tortoise display at the San Bernardino County Museum. T h is

project was started by the California Turtle and Tortoise Club-Inland Empire Chapter. The display will contain
information on the natural history of the desert tortoise and impacts affecting survival in the wild. D TPC will
continue its programs for land acquisition and education in the coming years. "Tortoise Tracks," a quarterly
n ewsletter, keeps 1,300 recipients informed on the latest issues and research on the desert tortoise. Y o u r
membership is welcome.
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CONSERVATION CENTER FOR DESERT TORTOISES IN NEVADA
Ben Collins
Absrract. As part of a comprehensive research program agreed to between certain Las Vegas developers,
the state of Nevada, City of Las Vegas, and the Department of the interior, a Desert Tortoise Conservation Center
(Center) will be c o nstructed to a c commodate a $ 1 , 0 6 1 , 908 d esert to rtoise (Gopherus agassizl)') research
program. The Center will be located approximately 16 km southwest of the Las Vegas Strip on 260 ha of public
lands managed by the Bureau of Land Management (BLM) under a right-of-way and administrative withdrawal.
The Center will be managed through a cooperative effort between the BLM, Nevada Department of Wildlife
(NDOW), and the Nature Conservancy (TNC) with BLM responsible for administrative support. Long-term goals
for the facility include additional desert tortoise research projects and use of the Center for public education and
interpretation with emphasis on an education program closely coordinated with the Clark County School District.
The long-term care of desert tortoises at the Center will require considerable agency responsibility and effort.
For the Center to be successful, close cooperation, coordination, and consultation with various public interests
are essential for resolving problems sure to arise in an effort of this magnitude.
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ARIZONA BUREAU OF LAND MAN A G E M E NT ACC O M P LISHMENTS FOR 1989
Eugene A. Dahlem
Overview of 1989
Inventory remains a high priority for the Bureau of Land Management (BLM) in Arizona, since much
potential desert tortoise (Gopherus agassizii) range has never been inventoried. The Rangewide Plan calls for
completion of inventory by the end of Fiscal Year 1992, and we expect to meet that goal. In Fiscal Year 1989,
we completed basic inventory on the Yuma District, and made significant progress in the other three districts.
Safford District has generally completed the work, but needs to fill in gaps and look at isolated parcels. The
Arizona Strip District is running transects in potential desert tortoise habitat to the east of the Beaver Dam Slope.
W ork this past y ear co nfirmed that t h e d esert t o rtoise inhabits the V i rgin River Gorge east t o t h e B L M
campground. Th e Phoenix District continued basic inventory over much of the district. I n v entory work was
initiated on the Barry M. Goldwater Range. A 1986 law placed natural resource management on the range under
BLM's management. New tortoise populations are being found through this work, expanding the known extent
of the tortoise in Sonoran Desert habitats.
Only one study plot was surveyed in Fiscal Year 1989. T h e Exclosure Plot on the Beaver Dam Slope
was resurveyed by Arizona Strip District personnel. Briefly, they found no discernible change in population
density from the last survey of the plot ten years ago, but the sex ratio did show improvement, from 1 male:10
females to a 1:1 ratio today, S m all sample sizes in both the original survey of the plot and the recent survey
(approximately 20 animals in each) dictate that the data be used cautiously.
AII four districts completed interim categorization of desert tortoise habitat on public lands. This work
i s considered interim in m ost areas, because we are still gathering data on populations and range. T h i s
information is being used in the management of these habitats.
The Arizona Strip District initiated a Memorandum of Understanding among the three states (Arizona,
Nevada, and Utah) and all concerned agencies in the three state area of the Beaver Dam Slope. This agreement
facilitated the beginning of a Management Oversight Group (MOG) approved research project which is looking
at the physiological health of tortoise populations in two areas, the Beaver Dam Slope and the City Creek area
north of St. George, Utah. The project is comparing differences in bone cells and blood constituents, looking
for significant d i f f erences t hat w o u l d a l low d e v elopment o f s i m p lified m o nitoring m ethods o f t o r t o ise

populations. A second major facet of this project is determination of basic physiological parameters for wild
desert tortoises. T his is basic knowledge that will facilitate research for years to come.
The Arizona Strip District also cooperated in the forage plant nutritional analysis study being conducted
by BLM in Utah, under contract to Brigham Young University. A major part of all our desert tortoise field work
has been to l ook fo r i ndications of th e u pper respiratory disease that is epidemic in some M ojave Desert
p opulations. W e f o und only one tortoise with symptoms of the disease in Sonoran Desert populations. T h e
animal was checked by a veterinarian and the diagnosis confirmed. W e continue to be vigilant.
We also continued participation on the Arizona Interagency Desert Tortoise Team, which is also our

Technical Committee. The major focus of the team's 1989 effort was on completion of a draft desert tortoise
management plan for Arizona. The plan will provide basic information and management guidelines for use by
all land managers with desert tortoise habitat.
Planned Accomplishments for Fiscal Year 1990
Desert tortoise work continues to be a major focus of ou r program this year. A g a in, inventory is
continuing, with the Arizona Strip District conducting transects in the potential habitat areas south of St. George.
Any tortoises in this area would be part of the listed population, and we must therefore determine if they are

present. Phoenix District is continuing its inventory on the Barry M. Goldwater Range, and in other areas of the
district. T his effort continues to pay dividends. For example, an area near Ragged Top Mountains was found
to have a substantial tortoise population. Previously, there was only one old record of tortoises in the area.
We have funding for 2 mi' (2.6 km') study plots this year. We plan to put both in new areas where no
such plots now e xist . O n e w i l l be in the Black Mountains northwest of Kingman, the other in the Mojave
Mountains near Lake Havasu City. Their purpose, as always, is to monitor population and habitat changes. We

will also cooperate with the U.S. Fish and Wildlife Service (USFWS) and Arizona Game and Fish Department
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(AGFD) in the resurvey of up to four existing plots. T his w ork is being funded by the USFWS.
MOG-approved research continues this year, with the Beaver Dam Slope physiology project continuing.
We are starting a similar project this year in Sonoran Desert tortoise habitat, again in cooperation with AGFD.
T he focus will be similar to that of the other study; we are simply looking at Sonoran Desert populations. W e
are also expanding the ongoing tortoise foraging ecology study on the Beaver Dam Slope. This study began last
year in the Utah area, and will be expanded into Arizona this Year. T h e st udy is looking at forage species
consumed by desert tortoises and livestock. W e ar e also continuing to cooperate with Utah's forage plant
nutritional analysis projects.
Again, our field personnel are looking for signs of th e upper respiratory disease in Sonoran Desert
populations. To date, there are no indications the disease is epidemic in Sonoran Desert habitats. We will have
our best opportunity to determine what is occurring later this Year, during the major tortoise activity period.
We continue to work w ith and on the Arizona Interagency Desert Tortoise Team. I t appears that the
team's major goal is about t o b e f u l f illed, w it h th e i m minent release of the draft A r izona Desert Tortoise
Management plan for p ublic review . W e a r e w o r k ing on ot her projects that w ill f acilitate tortoise habitat
management in the state.

A major project concerning the desert tortoise that occurred this past January was the SCORE 400 Off
Highway Vehicle race. In prior years, this closed course race has taken place on two different tracks, one in
California, the other in Arizona. Because of concerns for the listed tortoise population in California, the entire
race was moved to the Arizona course.
There were also concerns for the desert tortoise in Arizona, since the course traversed Category 2 and
Category 3 tortoise habitats. There was a need to assure there were no significant impacts to the tortoise due
to the race. E x t ensive surveys for tortoise sign and burrows w ere conducted by BLM personnel along the
proposed course, as well as the parking, pit, and spectator areas. None was found, probably because the course
generally follows existing county roads and other trails in the flatter valley areas. Tortoise habitat in this part
of Arizona is generally the steeper bajadas and mountain slopes. The course areas are categorized as tortoise
habitat because they are essential movement corridors, and they are in relatively close proximity to t y pical
tortoise habitat.
Extensive efforts w ere undertaken to assure that the race participants and spectators stayed in the
prescribed areas. These efforts included extensive flagging of the course and spectator areas before the race,
with proper information being given to participants beforehand. During the race, monitoring occurred with up
to 200 volunteers and 20 BLM employees. A helicopter was used to increase the efficiency of this monitoring.
Precautions were taken to encourage participants to remain on the course, including check points in areas where
there might be a temptation to take a short-cut cross-country. Post-race studies indicated that these efforts were
generally successful, as there was very little off-course use. This was anticipated, since the fastest route from
start to finish was the course itself. Travel off the existing roads was slower than on the roads, so the racers
tended to stay on the course. The SCORE 400 was held with no known impact to the desert tortoise. Race
participants and the sponsors indicated they were happy with how the event turned out, and the BLM is satisfied
that it was conducted in a professional manner with minimal impact to the desert and its resources.
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REPORT OF THE DESERT TORTOISE MANAG E M ENT OVERSIGHT GROUP: 1989
ACCOIVIPLISHMENTS AND 1990 GOALS
Eugene A. Dahlem
The idea or concept for the Management Oversight Group came out of the deliberations of the task force

that was developing the 1987 Bureau of Land Management (BLM) report "Management of Desert Tortoise
Habitat: A r e port to the BLM Chief, Division of Wildlife and Fisheries." One of the findings of this task force
was that, while on a case-by-case (or state-by-state) basis, operational management for the desert tortoise

(Gopherus agassizli )was occurring, administratively, the land and species managers had not been coordinating
actions which should protect and enhance desert tortoises and improve management on a rangewide basis. The
task force's recommendation to resolve this problem, how to get everyone talking together and working together
on a rangewide basis rather than on a local or project-by-project basis, was to form an "Oversight Committee."
They recommended this committee consist of line managers from land management agencies and state wildlife
agencies from all four of the states (California, Arizona, Nevada and Utah) in desert tortoise range. The committee
w as formed in the spring of 1988 and came to be known as the Management Oversight Group, or MOG. O n
it were the four BLM State Directors or Associate State Directors, and representatives of the four state wildlife
agencies, the three U.S. Fish and Wildlife Service regions, and BLM's Washington, D.C. Office Division of Wildlife
and Fisheries. That remains the composition of the MOG.
The original recommendation was that the MOG meet once a year, and that was followed in its first two
years of existence. With the listing of the tortoise in much of its range, there is a need for more frequent meetings,
and that is occurring. G eneral topics for review by the MOG included:
1. Standardization of procedures for the analysis and interpretation of tortoise information.

2, Reports on management actions completed for the benefit of the desert tortoise.
3, Funding priorities.
4. Identification of areas lacking sufficient inventory and monitoring information for management of
Category 1 and 2 tortoise habitat.
5. Research needs to resolve management issues.
6. Current and historical threats, impacts, and conflicts.
7. Completion of annual status or progress report.
8. Existing laws and guidance.
9. Ongoing research.
The MOG has met three times to date. It is addressing many of the items on this list, as well as other

items. The emergency listing and its impact was a significant topic at the last two meetings. The need for
additional research was also addressed, and a number of research proposals were approved. I he MOG does
not have funding authority; it can only recommend that specific projects receive priority for funding. In the case

of the above-mentioned research projects, the MOG recommended approval for all, but available funding would
cover only part of the work.
The members of the MOG realize the need for technical advice in their deliberations, and a Technical

Advisory Committee has been established to provide information upon request. It is made up of technical
specialists from the same agencies that comprise the MOG. This committee is currently reviewing existing and
new research proposals for the MOG. A s it matures, the MOG is making itself felt to a greater degree. While
there is yet a way to go before everyone is satisfied with the level of coordination occurring, there has been
considerable improvement and more is expected.
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FEEDING ECOLOGY OF THE TUATARA (SPHENODON P. PUNCTA TUS) IN TWO
DISTINCT ECOLOGICAL ZONES ON STEPHENS ISLAND, NEW ZEALAND
James C. Gillingham and Christopher Charmichael
Abstract. The dietary analysis of the tuatara (Sphenodon p. punctatus) was conducted between two
populations inhabiting distinct ecological zones (open pasture and keepers bush) using non-invasive stomach
washing techniques and fecal analysis. Quantification of prey selectivity was extrapolatedusing Jacobs (1974)
modified selectivity index. Potential prey were inventoried by field sampling using various capture techniques
(e.g. sweepnet transects, pitfall trap grids, tangle-foot trap grids, Berlese funnel, and direct observation). There
a re significant differences in th e p rey i t ems available and consumed between th e f e eding on t re e w e t as
(Hemideina crassidens) and pasture tuatara positively and predominately feeding on isopods, cranef lies (Order
Tipulidae), and small (( 5 mm) coleopterans (Family Curculionidae). Both populations consume large proportions
of adult moths (Order Lepidoptera) and arachnids (Order Araneae). Daily feeding activity was monitored using
a Kodak 8 mm analyst camera and an infrared night scope. K eepers bush tuatara were found foraging both
diurnally and predominately during the scotophasic period. P a s ture tuatara were limited to p r edominately
scotophasic foraging due t o t h e p o t e ntial threat of d i u rnal predation by t h e A u s t ralasian harrier (Circus
approximans). De nsities of tuatara were calculated using a modified removal technique. Keepers bush tuatara
h ad a mean density of 2,025 tuatara/ha and pasture tuatara had a mean density of 415 tuatara/ha (P <0 . 0 5 ) .
Both populations maintained a 1:1 sex ratio.
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NEVADA SUMMARY OF DATA ON DISTRIBUTION AND FREQUENCY OF DESERT
T ORTOISES WITH SIGN OF UPPER RESPIRATORY DISEASE SYNDROM E
D. Bradford Hardenbrook
Abstract. Incidence of the Upper Respiratory Disease Syndrome (URDS) in wild populations of desert
tortoises in Nevada is not well documented. H o w ever, recent reports from four geographic locations indicate
that URDS may be present. T h ese locations include: 1) the Las Vegas Valley; 2 ) the Apex locale adjacent to
the Las Vegas Valley and approximately 32 km northeast of Las Vegas; 3) Mormon Mesa which is approximately
95 km northeast of Las Vegas; and 4) Rock Valley located within the Nevada Nuclear Test Site about 110 km
northwest of Las Vegas. All reports of animals exhibiting sign symptomatic or possibly symptomatic of the URDS
were make in 1989 except for the Rock Valley location where the observation was made in October 1987. The
Las Vegas Valley case was examined by Dr. E. Jacobsen, University of Florida, who confirmed this animal to
exhibit classic symptoms of URDS. At least two tortoise observations make by G. Goodlett in the Apex locale
are descriptive as those involving URDS. Of the 54 animals tallied at the Mormon Mesa Permanent Study Plot,
one tortoise exhibited a "runny nose" and another was described as having a "wet face and unclear eyes." The
Rock Valley observation was reported by P. Medica as an animal with a nasal discharge in October 1987. This
case was noted as an anomalous condition and has apparently not resulted in obvious declining health of that
animal since the 1987 observation.
While URDS is known to occur in the Las Vegas Valley, particularly in the captive population and to some
extent on the p e r iphery of major urban areas, the extent of the disease syndrome in the wild population is
presently indeterminable. Reports of symptoms suggestive of LIRDS are lacking prior to 1989 from fieldwork
endeavors. The lack of these reports do not now indicate a serious disease problem. However, because of the
recent isolated reports indicating a possibly wider incidence of the disease in wild populations, the Nevada

Department of Wildlife has developed plans to conduct surveys rangewide in southern Nevada specifically to
document the occurrence of URDS in 1990-1991.
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EGG PRODUCTION AND BODY CONDITION OF FEMALE DESERT TORTOISES
(GOPHERUS A GA SS/Z/I)
Brian T. Henen
Abstract. In 1989, egg production of female desert tortoises (Gopherus agassizii) at Goffs, California
(mean 3 44, SE x 1.06) was not different than in 1988 (mean 3.56, SE t 0 65; paired t =0 . 1 2 73 , df = 8, P) 0 4),
but was lower than in prior years (1983-1985, t = 2.67, df = 26, P< 0 . 0 05 ; depending on year; 1986 paired
t = 2 41, d f = 7, P < 0 025; 1 987 paired t = 1. 89, df = 8, P < 0 05) . Three f ema les did not lay eggs in 1 989 but
they increased their lipid-free mass 115 g and body mass 114 g (respectively; 9.6 and 9.0% increases, paired
t = 5.57 and 6.32, df =2 , P <0 . 0 25) from August 1988 to August 1989 . L i pid-free mass declined 163 g and
body mass declined 168 g (respectively: 10% each, t = 4.17 and 3 81, df = 5, and P <0 005 and 0 01) for egglaying females. Lipid mass did not change for either group (P) 0 . 2 0) . Net production of annual plants during
spring 1989 (0.0056 g dry matter/m') was the lowest recorded for Goffs. Egg production at Goffs did not seem
to vary when annuals were abundant (1983, 1985 ) b u t declined as annuals decreased below approximately
1-2 g dry matter/m' . T h e low egg production in 1989 and the decline in lipid-free mass of egg-laying females
suggest that the diets of these tortoises lacked water, protein, or both due to the paucity of winter rainfall (29.6
mm) and spring annuals.

227

OBSERVATIONS AND ACTIVITIES OF THE NATURALIST FOR THE DESERT TORTOISE
NATURAL AREA, KERN COUNTY, CALIFORNIA: 12 MARCH — 12 JULY, 1989
Jeffrey M. Howland
Abstract. On 91 days between 12 March and 12 July, 1989, I served as naturalist
at the Desert Tortoise Research Natural Area (DTNA) interpretive center in eastern Kern

County, California. A n

e s timated 839 groups totalling 2388 individuals visited the

interpretive center during this period. A n o t her 380 persons participated in f o r mal tours
scheduled by the Desert Tortoise Preserve Committee, Inc. V i s i t ation was heaviest on
h olidays and weekends and was concentrated in late March, April, early May, and t h e
M emorial Day weekend. V i sitors stayed longer earlier in the year and on weekdays. O f f road vehicle users visited in larger groups earlier in the day and stayed for shorter periods
of time than non-users. M o s t v i sitors were aware of and sympathetic to the problems
currently facing desert tortoise (Gopherus agassizil) populations, but many were unaware
of the potential hazards of release of captive tortoises into the wild. I noted the release or
attempted release of f ive t o rtoises, at least tw o o f w h i c h w ere sick, and th e p ossible
harassment or taking of one wild tortoise. There were low levels of vandalism and littering
and some weather damage. Damage from motor vehicles was largely restricted to washes
and the interpretive center access road right-of-way. A l t h o ugh dry w e ather resulted in
relatively low levels of tortoise activity, most visitors learned from their visit and many were
able to see at least one tortoise. Other organisms were also affected by the drought. I began
a collection of invertebrates and compiled a list of vertebrate species observed including ten
species of b i rds no t p r e viously reported f rom t h e D T NA . Si x t ee n r a ttlesnakes were
encountered, all prior to the end of May. V i s itor response to these animals indicates that
they should be regarded as an asset rather than a threat. Black widow spiders are common
in and around structures at the interpretive center and should be of c o ncern to parties
responsible for management of the DTNA. Human abuse of land in the area appears to have
had negative effects on populations of at least two species of lizards, and possibly on several
others. F u rther studies are suggested and I encourage ecological research by graduate
students. I recommend that signs be used more freely at the interpretive center as a means

of reducing the frequency of prohibited acts by visitors. The presence of two full-time
naturalists during peak seasons of visitation is also suggested. I support the establishment
of a permanent indoor facility for administration, research, and education.
INTRODUCTION
From 12 March through 12 July, 1989, I served as naturalist at the Desert Tortoise Research Natural
Area (DTNA), Kern County, California, through a contract with the Desert Tortoise Preserve Committee, Inc.
(DTPC). Specific duties as naturalist fell into four categories:
1) Interpretive Services: attempted to educate visitors about desert tortoises (Gopherus agassizli'),
d esert biology, and desert ecosystems in general, including education about relevant conservation e f f o r ts
and the role of the DTPC;
2) M o n i t oring: recorded visitation, including scheduled tours; noted conduct of v i sitors and took
appropriate action when prohibited activities were observed; policed the parking area and vicinity of the DTNA
interpretive center (IC); recorded wildlife sightings, especially those involving tortoises; began a collection of
invertebrates occurring on the DTNA;

3) Assistance to DTPC programs: took part in DTPC programs such as guided tours and the sale of DTPC
fundraising products;
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4) Reporting: prepared monthly reports of activities and observations relating to duties as naturalist for
each of the first three months, and a final summary report, covering all four months, at the end of the contract
term.
METHODS
Interpretive Services
I carried ou t i n t e rpretive services t h rough p a rticipation i n o r g anized t o u rs, i m p r omptu t a lks t o
unscheduled groups, and informal discussions and nature walks with visiting parties. During these activities I
tried to instill visitors with a sense of the importance of conservation of desert tortoises and desert ecosystems
in general. I informed them of recent declines in tortoise populations and the causes of these declines (see Berry
1985, Berry et al. 1986a,b), and pointed out that problems with tortoises are indicative of declines in overall
health of our deserts. I n v olvement in indirect aspects of the visitor education process at the DTNA included
routine maintenance of nature trails and display materials and revision of trail guide brochures for the three nature
trails.
Monitoring
When present at the DTNA Interpretive Center between 23 March and 12 July, I recorded arrival time,
departure time, and number of individuals for each visiting party and made note of which parties drove off-road
vehicles (ORVs). Visitor information was compiled for 112 days, 82 days incorporating a mixture of personal
observations and data from the visitor register at the entrance gate to the IC and 30 d ays based solely on
information from the register (days when I was not present at the IC).
Known (observed) numbers of parties and individuals were compared with information in the visitor
register in order to determine percentages of visitors that were accounted for in the register. This was used to
estimate total visitation on days when I was not present as follows: total visitors on day p = (¹ of visitors
registered on day p) (proportion of visitors that register) where the denominator is the average for 71 days when
a minimum of four hours, usually 8-10 hours, of uninterrupted observations of visitation were made.
Seasonal patterns of visitation, for all visitors and for QRV users, were investigated through comparison
of visitation rates between months. M o nths were defined as follows: M o nt h 1 = 12 March through 11 April;
Month 2 = 12 April through 11 May; Month 3 = 12 May through 11 June; Month 4 = 12 June through 12
July. Additional comparisons were made between different types of days (weekdays, weekends, and holidays).
All days from 18-26 March were treated as holidays (Easter or spring break). A d ditional holidays were 27-29
May (Memorial Day) and 1-4 July (Independence Day). All other days were treated as weekdays or weekends.
I also investigated the effects of season and ORV use on size of visiting party, length of visit, and time of visit
(defined as temporal midpoint of the visit). Scheduled tour groups were treated separately from unscheduled
visitors, with number of participants and length of tour being recorded.
Because individuals within a group cannot be treated as statistically independent observations, groups
rather than individuals are the appropriate unit of interest in analyses of visitation patterns. These analyses are
largely free of bias associated with group size because group size was unaffected by month (P ) 0 . 0 5 , Tukey's
studentized range test) and length of visit (F1,427 = 1.61, P ) 0 . 2 ) and only very weakly negatively associated
with time of day ( Fi,4ze = 5.63, P ( 0 . 0 2 ; but slope = -0.046 and r' = 0.013).
In addition to regular visitors and tours, there were a number of visits by people who had official business
at the DTNA. T h ese visitors were not included in analyses of visitation patterns.
When prohibited activities were observed, I attempted to inform offenders of the prohibition and ask them
to desist. W h e n necessary, appropriate law enforcement personnel were informed.
Assistance to Desert Tortoise Preserve Committee Programs
I took part in many scheduled tours, which involved being present during the initial informative talk given
to the tour group by a DTPC volunteer tour guide, answering any questions directed toward me, or providing
ancillary information if requested by the guide in charge. I kept an inventory of DTPC fundraising products for
sale to interested visitors.
Reporting
I prepared monthly progress reports, summarizing relevant activities and observations beginning on the
12th of one month and ending on the 11th of the next, for each of my first three months as naturalist. These
r eports contained sections o n v i s itation, t o rtoise observations, w i ldlife observations, ORV a c t ivity, B L M
activities, problems encountered with visitors, and miscellaneous services provided for the DTPC, A final report
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summarized activities and observations for the four month period and provided recommendations concerning
the future of the naturalist position.
RESULTS
Visitor Services and Monitoring
Patterns of Visitation
G eneral Patterns - Of t h e 43 4 g r o ups observed, 55 % r egistered. Of th e 1 27 6 i n dividuals observed, 57 %
registered. Because I did nothing to encourage or discourage registration, the figures represent an unbiased and
fairly long-term average of the registration rate that can be expected with the present system. Combining direct
observations with estimates using the known registration rate and known numbers of registered visitors, I
e stimate that about 839 groups totalling 2388 people visited the IC between 12 March and 12 July, 1989, A n
additional 380 people took part in 13 formally scheduled DTPC tours.
Seasonality of visitation was investigated through comparison of parameters among months (Table 1).
Time of day of visit and group size (see above) did not vary with month of the study (both P ) 0 . 0 5 ) . L e ngth
of visit did vary significantly with month, being shorter during Month 3 than in Months 1 or 2. A l t hough mean
length of visit was even smaller in Month 4 than in Month 3, it did not differ significantly from any other month.
T his lack of significance was probably due in large part to the small number of visiting groups in Month 4. T h e
distribution among months of the estimated total number of groups visiting the IC differed significantly from
random (X' = 130.29, df = 3, P < 0 . 0 0 1 ) w ith visitation substantially higher than expected during Months
1 and 2, about equal to the expected frequency in Month 3, and much lower than the random expectation in
Month 4.
Type of day had significant effects on all parameters investigated (see Table 2 for a summary). M ean
group size was significantly smaller on weekdays than on weekends, length of visit was significantly longer on
weekdays than on weekends, and time of visit was significantly later on weekends than on holidays (all P <
0.05, Tukey's s t udentized range test). T h e d i s t ribution of v i siting groups among t y pes of d ays d iffered
significantly from random (X' = 398.04, df = 2, P < 0.0 01) with visitation higher than expected on weekends
and holidays and lower than expected on weekdays.
Overall averages (presented as + 1 SE) of group size and length and time of visit were calculated across
classes. M ean group size was 2.89 + 0 . 0 9 ( N = 4 7 6 ) . L e n gth of visit averaged 58.2 a 2 , 7 m i nutes (N =
430). The overall average time of visit was 1:19 x : 0 7 PM PDT (N = 430). The frequency distribution of time
of visit through the course of a day was unimodal about the mean.
In the absence of an observer at the IC, the BLM visitor register is the primary source of information on
visitation. In addition to the obvious problem of visitors neglecting to register, several other sources of error were
noted:
1) in at least four cases, visitors registered but did not record the number of people in the group;

2) in at least four cases, visitors recorded an incorrect date when they registered;
3) in at least four cases, one member of a tour group registered the entire group and then other members
of the group registered as a subgroup(s) without stating that they were already accounted for under
the entire tour group. T his inflates the number of registered visitors;
4) five registered groups, totalling 300 people, were probably jokes, based on large group sizes and
facetious remarks under the "Comments" section of the register (these groups were omitted from
the analyses above);
5) on 2 A p ril, the pen at the visitor register was apparently dropped on the ground and trampled by

visitors, leaving no pen available for an unknown portion of the afternoon. Visitors without a pen
would have been unable to register during this time.
ORV Visitors - Differences in visitation patterns between ORV users and other visitors are summarized in Table
3. Group size of ORV users was higher than for others (F1,466 = 9.24, P < 0.00 2 5). Length of visit was shorter
for ORV users (F1,428 = 21.19, P < 0 . 0 0 0 1) . T i m e of visit was earlier for ORV users (F1,42s= 24.5 7,
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Table 1. Summary of visitation statistics at the Desert Tortoise Natural Area Interpretive Center, by month of
study, Kern County, California, 19 89 . W i t h i n a c o l umn, means not s h aring a c o m mon s uperscript differ
significantly (all P < 0 . 0 5 ) . T h e distribution of groups among months differs significantly from random (P <
0.001).
MO NTH

ESTIMATED NUMBER
OF PARTIES

G R O U P S IZ E
x « 1 S E (N)

LENGTH OF
VISIT (h)

TIME OF VISIT
(PDT)

2 .97 « 0 . 2 0 ( 1 2 4) '

1 .17 « 0 . 1 2 ( 1 0 7) '

13 :04 « :1 3 ( 1 0 7 ) '

215

2.95 «0.16 (150) •

1.08 « 0 . 0 8 (133)' 1

3 :30 « : 1 2 (133)'

277

2 .80 « 0 . 1 6 ( 1 5 3) '

0 .7 8 « 0 . 0 7 ( 1 4 5 )b

13:22 «:12 (145)'

198

2 .80« 0 . 2 3

0 .7 7 « 0 . 1 1 ( 4 5 ) "

13 :1 6 « :22 (4 5 ) '

96

(49) '

Table 2. Summary of visitation statistics by type of day (1 = weekends, 2 = holidays, 3 = weekdays), Desert
Tortoise Natural Area Interpretive Center, Kern County, California, 1989. W i t hin a column, means not sharing
a common superscript differ significantly (all P < 0.05). The distribution of groups among types of days differs
s ignificantly from random (P < 0 . 0 0 1 ) .
DAY

GROUP SIZE
x « 1SE (N)

LENGTH OF

3.05«0.13 (262)'

0.88 « 0 . 0 5 (243)'

13 :33 « : 0 9 (243)'

390

2 .94 « 0 . 1 5 ( 1 2 4) "

0 .9 7 « 0 . 1 0 ( 1 1 4 )' '

12 :5 3 « : 1 2 ( 1 1 4 ) '

128

2 .37 « 0 , 2 2

1 .2 8 « 0 .1 4 ( 7 3 ) '

13 : 14 « : 15 (7 3 ) '

268

( 90) '

TIME OF VISIT

VISIT (h)

ESTIMATED NUMBER
OF PARTIES

(PDT)

Table 3. Summary of visitation statistics according to offroad vehicle (ORV) use (1
Desert Tortoise Natural Area Interpretive Center, Kern County, California, 1989,

DRV users, 2 = non-users),
W i t hin a column, means not

=

sharing a common superscript differ significantly (all P < 0.0025).
ORV
USE

GROUP SIZE

x « 1SE (N)

LENGTH OF
VISIT (h)

TIME OF VISIT
(PDT)

3.75*0 .40 ( 40) '

0 .33 « 0 . 0 4 ( 4 0)'

11;38 «:20 (40)'

2.78«0.09 (428)'

1.04 « 0 . 0 5 (390)'

1 3 30« 0 7 ( 3 9 0 )b

Table 4. Summary of estimated total numbers of groups of offroad vehicle (ORV) using visitors by month and
t ype of day. The distribution of ORV users differs significantly from random among both months (P < 0 . 0 0 5 )
a nd types of days (P < 0 . 0 2 5 ) .
CATEGORY

MONTH
DAY TYPE

20
24

15
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P < 0 . 0 0 0 1) . D i s t ribution of ORV users among months and types of days was significantly different from
random (X' = 15.60, df = 3, P ( 0 . 0 0 5 and X' = 7. 88 , d f = 2, P ( 0 . 0 2 5 respectively). Frequency of ORV
users was close to that expected during Months 1 and 2, higher than expected in Month 3, and lower than
expected in Month 4. Frequency of ORV users was higher than the random expectation on holidays, lower than
random on weekdays, and about random on weekends (Table 4).
Visitor Knowledge and Acquainting Visitors with Tortoises
The most common t o pics of d iscussion with v isitors were the biology and conservation of desert
tortoises. The most frequently asked questions concerned common raven (Corvus corax) predation on tortoises
and its control, the tortoise respiratory disease and its control, and the effects of ORVs on tortoise populations.
Although most visitors were aware that tortoise populations are in decline, they were usually aware of only one
or two (or none) of the purported causes. Their knowledge was often based on a single newspaper or magazine
article. I stressed discussion of the common causes of decline. On several occasions, visitors made inquiries
concerning release of captive tortoises. Although the frequency of discussions on this topic was small relative
to those mentioned above, it is cause for concern because of the severe consequences that can result from just
a few releases.
On four occasions I gave impromptu talks (modelled after the introductory talks for regularly scheduled
tour groups) to large groups of visitors (9-15 people). These included a large family group, two groups of high
school students and a chapter of the California Native Plant Society.
Activity of desert tortoises was lower than the long-term average in 1989 (Shields, pers. comm., 1989).
In spite of Iow activity, it was not difficult on most days in March, April, and early May to find an active tortoise.
I was unable to gather precise data concerning the percentage of visitors that saw tortoises during this time
period, but was able to get a rough idea of their success rate by talking with some of them after their walks.
The majority of those that spent an hour or more walking around the area saw at least one tortoise, This was
particularly true of those who left the nature trails and walked further out to the north and west of the IC.

By the second week of May, many visitors were complaining that they were not seeing tortoises. It was
my subjective opinion that those visitors who saw a tortoise left the DTNA with a much more positive attitude
about their visit and about the DTNA. Therefore, I showed tortoises, whose burrows were reasonably close to
the nature trails, to large numbers of visitors that might not otherwise have seen a tortoise. Most were delighted
and often expressed gratitude and stated that it made their visit more memorable. Only two visiting groups during
all of June and July reported seeing a tortoise other than one that I had shown them.
Assistance to Desert Tortoise Preserve Committee Programs

Scheduled Tours - Fifteen guided tours were originally scheduled during the period 18 March - 6 May 1989. Eight
were onweekends, one was on a holiday weekend, and six were on weekdays. One weekend and one weekday
tour were cancelled. Approximately 380 people took part in scheduled tours. I participated in all scheduled tours
except two of the weekday tours.
In spite of low levels of tortoise activity in spring 1989, tortoises were encountered on all 11 tours in
which I participated, though some subgroups failed to see one. In four cases the only tortoise seen was one
whose locality I knew prior to the tour. Average duration of the 11 tours was 2 hours and 24 minutes. Although
the sample size is too small to allow meaningful statistical comparison, weekday tours of elementary school
students were substantially shorter than other tours.
Brochures and Trail Guides - At irregular intervals, depending largely on rate of visitation, DTNA brochures and
trail guides were replaced or trail guides were moved from the drop-off box at the end of the main loop trail to
appropriate guide boxes. Supplies of DTNA brochures provided to me by the DTPC and to the BLM ranger by
the BLM were exhausted in May. The ranger requested a new printing of the brochures but they were not received
prior to 12 July. DTNA brochures were therefore unavailable to visitors for nearly half of the four month period.
Educational Presentations - I gave two educational slide presentations to community groups in California City.
A slide show and talk on the diversity and natural history of non-chelonian reptiles of the DTNA was given at
a meeting of the California City Historical Society. This complemented a presentation on desert tortoises given
immediately before by a DTPC board member. A similar presentation, including information on desert tortoises,
was given to the California City Boy Scouts and Cub Scouts.
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Product Sales - I sold approximately 0600.00 worth of DTPC fundraising products. M ost sales were made on
weekends or holidays, especially when tour groups were present, and when I w ore a DTNA t-shirt. D u r i ng
periods of heavy visitor use, it was difficult to carry out the duties of naturalist and to concentrate concurrently
on sales of products.
Protection
Collection of Wild Tortoises and Release of Captives
On 1 7 April a wild hatchling tortoise may have been collected from the DTNA. Two BLM census workers
had shown it to a visitor who claimed to be writing an article on desert tortoises.
Three suspected captive-release tortoises, all identified as such by BLM census workers, were removed
from the DTNA near the IC during April. A fourth is thought to have been released at the IC, but was not found,
in June. Releases included a courting pair found about 100 meters northwest of the plant loop trail by a BLM
census worker. Both showed the common symptoms of the respiratory disease (wetness around nostrils, raspy
breath, wet eyes, swollen chin glands) except that they were quite heavy, which w ould be unusual for wild

tortoises with the disease in a drought year (see Rosskopf 1988; Jacobsen and Gaskin 1989). Their tameness,
proximity to the nature trails, and the fact that they were still together led us to believe they were probably
released earlier that day,
The possible release, in mid-June, involved two visitors who were not observed but registered and wrote
"brought tortoise home" in the comments section, I i n t erpreted this to mean they had released a tortoise,
although I considered the possibility that they had taken a tortoise, A n other registered visitor wrote that they
had seen a tortoise on the "plant trail" two days later. I did see a set of fresh tortoise tracks inside the plant
loop trail, but I failed to find a tortoise during extensive searches over a five day period. I believe this incident
represents a release because I had not seen a tortoise in this particular area for over two months and tortoise
activity was low in mid-June.
During discussions w it h v i sitors, three different individuals stated that t he y ha d r e leased captive
tortoises in the past (many years in the past in two cases). One release occurred at the DTNA. I informed them
that this was illegal and none indicated any plan to release tortoises in the future.
At least 15 other visitors expressed interest in releasing captive tortoises on the DTNA. Some were just
curious or interested in management implications, but ten were actually considering releasing their pet tortoises
and wanted to know if the DTNA would be an appropriate site. With one exception they were easily dissuaded
upon learning of the illegality of release and the reasons for its prohibition. None of these nine gave any opposition
and it is my impression that they all abandoned the idea of releasing their pets.
An additional incident of visitor compliance occurred in early June. A f a m ily tried to release a large,
healthy, and very old male tortoise that they had found walking down a street in Bakersfield, California. They
were cooperative when told that this was not a good idea and said that they had brought it to the DTNA because
the "highway patrol" in Bakersfield had so advised them.
Vandalism and Natural Damage to Facilities
About twice weekly, usually Monday and Thursday afternoons, I walked the nature trails at the IC and
performed needed maintenance. If problems were encountered on other days, they were dealt with immediately.
On three occasions trail markers that had fallen over were replanted. The nature loop trails have points of interest
that are marked by numbered posts and discussed in the trail guides. Several posts have materials near them
that must be monitored and replaced as needed. On the plant loop trail, I replaced lichen covered rocks once.
On the animal loop trail, I replaced tortoise bones and scutes five times and tortoise seats three times. I replaced
owl pellets twice, using pellets collected from a common barn-owl (Bubo virginianus) roost in California City,
and replaced the mounted adult tortoise shell with a shell provided by the DTPC. The DTPC requested that the
missing hatchling tortoise shell be replaced with a shell that they would provide, but I never received a shell.
The artificial wolf s p ider burrow, w h ic h had been unearthed, and th e b u nch g rass, w h ic h ha d d ied and
disintegrated, were replaced. I dug an artificial black-tailed jackrabbit (Lepus californicus) form under a bush at
t he appropriate post and, with help from a board member of the DTPC, excavated three tortoise burrows. T w o
of these burrows were re-excavated at later times. One was partially collapsed, presumably by a visitor that
stepped on the surface over the mouth. The other was half-filled with sticks, rocks, and other debris, probably
by visitors trying to draw out the nonexistent tenant.
Prohibited activities not involving tortoises included littering, misuse of motor vehicles, and taking or
damaging living organisms or other natural or manmade objects. I did not observe littering by visitors, but at
least once each week I removed trash from the area (usually small quantities, cigarette butts being the most
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important item numerically). O n one occasion there was a large amount of scattered litter from a fast-food

restaurant.
On three occasions I asked visitors to stop prohibited activities involving motor vehicles. All three cases
involved preteens or teenagers on ORVs, riding outside of the delineated IC parking area, and all complied.
Several times ORVs drove off the road as they left the IC, leaving me little opportunity for action. Tw ice I asked
preteenage boys not to kick plants along the nature trails. Interestingly, both were ORV users. Once I took a
juvenile desert horned lizard from a small boy who proudly displayed it upon completion of his walk on the nature
trails. He was very cooperative and I released the lizard in the area where he had found it. Tw o visitors asked
about removing rocks from the DTNA and were persuaded to leave them. Once, a BLM sign was removed from
the DTNA fence about 50 m north of the IC parking lot.
Venomous Animals and the Visitor
Some members of the DTPC expressed special interest in the frequency of encounters with rattlesnakes

(Crotalus sp.) on the DTNA, so I kept records of all observations. I saw one Mojave rattlesnake (C. scutulatus)
in March, five in April, and two in May. Five sidewinders (C. cerastes) were seen in April and three more in May.
No rattlesnakes were seen in June or July. O bservations included two snakes in the IC parking lot, two in the
information kiosk, one in an IC outhouse, and six others that were on or within 50 m of the nature trails.
There were several close interactions between visitors and rattlesnakes. In the IC parking area, one snake
was stepped on and another was found coiled under a vehicle. One morning an adult Mojave rattlesnake was

coiled in an IC outhouse less than 1 m from the toilet. At least four people used the outhouse before the snake
was seen and removed. Two different rattlesnakes were found underneath or beside benches in the information
kiosk on four mornings. A n other spent a week under a creosote bush (Larrea tridentata) about 50 m from the
information kiosk. A s i d ew inder coiled at the base of an interpretive marker post on the main loop trail one
afternoon. A n o t her was nearly stepped on by a volunteer DTPC tour guide during a tour.
Although some visitors were concerned about their safety, most, including several large tour groups and
a television film crew, were interested in the snakes and took the opportunity to observe them at close range,
take photographs, and ask questions about them. N o v isitors expressed any desire to get rid of the snakes.
ln addition to venomous snakes, there is at least one potentially dangerous spider present at the DTNA,
In a single evening in mid-July, there were at least six adult female black widows and one unverified large
loxoscelid (brown spiders and recluses) in the IC outhouses and another black widow at the information kiosk.
Observations of Other Vertebrates
A list of vertebrate species observed in or near the DTNA is included in Appendix 1. Seventeen species
of reptiles, 54 species of birds, and nine species of mammals were seen. Ten of the bird species have not been
previously recorded from the DTNA (Berry 1978; Campbell 1986). An additional three species of amphibians,
one reptile, and 25 birds were observed in California City. A l l of these except six of the birds would be new
additions to the fauna of the DTNA should they ever be encountered there.
One Mohave ground squirrel (Spermophilus mohavensis) was p o s itively identified in l a te M a r ch.

Although dozens of other ground squirrels were seen, all other identifiable individuals (about 25-30) were whitetailed antelope squirrels (Ammospermophilus leucurus). This may reflect differences in abundance between the
two species or the former may simply be more difficult to observe.

I made limited observations of desert tortoises, including an aggressive interaction between two males.
There were two days of exceptionally high tortoise activity, coinciding with the only two periods of precipitation
between 12 March and 12 July.
I frequently attempted to assist BLM census workers in the location of tortoises and tortoise shells. I
directed them to several unmarked live tortoises, some of which had in turn been pointed out by visitors, and
several shells, including the shells of four juveniles thought to have been victims of raven predation. I also saw
two coyote seats containing bones and scutes of desert t o rtoises, but am u n able to m ake any inference
concerning the alternatives of predation or scavenging to explain the observations.

Invertebrate Collection
Efforts on the invertebrate collection were concentrated in late May, J une, and July, w hen visitor
frequency and tortoise activity were low. A r t hropod diversity and abundance were generally low, probably due
to dry conditions in the area in 1989, Representatives of two classes, Arachnida and Insecta, were collected.

234

Specimens were distributed among at least 18 orders and 85 families. Remains of specimens of two additional
classes, Diplopoda and Chilopoda, were found under rocks, but no live animals were encountered.
Special Studies and Future Research
Effects of Human Disturbance on Two Habitat Specialists
I spent a considerable amount of time searching, in and around the DTNA, for two species of lizards with
strong habitat specificity. These were the chuckwalla (Saufomalus obesus) and the desert night lizard (Xanrusia

vigilis). The former is found on rocky desert slopes where crevices are available for shelter and the latter is largely
restricted to litter under yuccas (mainly Joshua trees (Yucca brevifolia) in our area), junipers, and a few other
shrubs. I saw b oth species on the north end of the DTNA, but because appropriate habitat is scarce, neither
is common.
During searches for chuckwallas, it became apparent that nearly all rock outcrops on or near the DTNA
have been heavily disturbed by humans. This consists of rocks being broken apart and rolled down the hillsides
or piled up at the bases of the outcrops. Chuckwalla densities are lower here than expected based on subjective
comparison with similar habitats in the Colorado Desert. In some large areas, such as the set of hills 2-5 km
directly to the east of the IC, chuckwallas seem to be absent from apparently ideal habitat (other than the fact
that it is disturbed even more heavily than outcrops on the DTNA).
Night lizards are present at th e n o rth end o f t h e D T NA , bu t n u m bers are low , p r o bably because
appropriate habitat is limited. A l a rge stand of Joshua trees about 9 km northeast of the DTNA in the Rand
Mountains provides potentially excellent habitat. However, decaying Joshua tree logs (a prime microhabitat for
this lizard) typically found in such stands are sparse.
ORV Effects on Lizards
I conducted a short preliminary study to elucidate the effects of ORVs on diurnal lizard populations. I
walked transects along a wash crossed by the DTNA fence (habitat inside the fence was undisturbed and that
outside was ORV disturbed) and recorded sightings of all diurnal lizards (four species were observed). Although
the design and extent of sampling were inadequate for statistical analysis, I saw nearly 50'%%d
more lizards on the
undisturbed area. The pattern of distribution was about what would be expected if ORV activity was affecting
lizard populations negatively (areas farthest out from the fence having the lowest density and those farthest
inside having the highest, almost twice that of the low density area).
DISCUSSION AND RECOMMENDATIONS
Visitor Services and Monitoring
Patterns of V isitation
General Patterns - A higher rate of visitor registration might be elicited by a small placard on the register asking
all visitors or groups to sign. The register would then provide a more accurate and complete account of visitation.
Although the observation that group size does not vary with month was expected, the finding that time
of visit does not vary was surprising. Apparently, most visitors later in the year do not consider seasonal variation
in mid-day temperatures when planning their visit. Th e shorter mean length of visit later in the year may be
partially due to this oversight, with high mid-day temperatures causing shorter visits. E ven during Month 4,
modal time of visit was between 12:00 and 2:00 pm PDT.
All parameters varied with type of day. The reason for later time of visit on weekends than on holidays
is obscure. Large group size and short visits on weekends probably reflect the fact that visitors often bring their
children on weekends, increasing group size directly and decreasing length of visit through the influence of the
vagaries of attention span and interest among children. Lower rates of visitation on weekdays were expected
and found.

The ORV Visitor

The short and early visits of ORV users were probably a function of the fact that many visit the DTNA
IC solely to use the outhouses. The high frequency of ORV users on holidays and during Month 3 both stem
from heavy ORV use over the Memorial Day holiday weekend, a traditional weekend for ORV enthusiasts to go

out into the desert. My observations of ORV use in the Colorado Desert indicated that ORV activity is reduced
in the heat of summer. L i kewise, only one was observed at the DTNA in the entire fourth month.
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Visitor Knowledge and Acquainting Visitors with Tortoises
Many visitors to the DTNA were well informed about desert tortoises and sympathetic to conservation
efforts on their behalf. T h i s may indicate effective publicity by land and wildlife management agencies and
conservation organizations or it may simply reflect a greater tendency for well-informed and concerned citizens
to make the lengthy trip to th e DTNA . I n a n y c ase, even the most w ell-informed visitors can benefit from
discussion of topics relating to biology and conservation of desert tortoises with a naturalist who is specifically
prepared to expound on such matters.
The naturalist should keep track of a few individual tortoises near the I C for the purpose of showing them
to interested visitors, V i ewing tortoises makes the visit more memorable and may even heighten sympathy to
the plight of the desert tortoise.

Assistance to Desert Tortoise Preserve Committee Programs
Scheduled Tours - Members of the DTPC that administer scheduled tours and act as volunteer tour guides do
an excellent job and provide a valuable and important educational service to the public. A l t h o ugh I enjoyed
participating in the tours and believe I contributed significantly, it precluded observation of or interaction with
u nscheduled visitors until t o urs ended . M o s t t o u r s t oo k p l ace o n S a t urday m o rnings, a p e riod o f h i g h
unscheduled visitation. The DTPC should consider having the naturalist take part in the initial talk to tour groups
at the information kiosk, but not participate in the nature walk.
Product Sales
I think the primary duty of the naturalist should be to educate the public, Product sales should be a lower
priority duty . I n t h e f u t u re, the DTPC should consider having at least one volunteer, or an additional paid
contractor, concentrating on product sales at the IC parking area on w eekends, especially when tours are
scheduled. On w eekdays, when visitation is lower, sales can be handled by the naturalist without interfering
with educational duties.
Protection
Release of Captives
Perhaps the most worrisome misconception on the part of visitors is that the DTNA is an ideal site for
release of captive tortoises. This problem can only be overcome by education. Perhaps the most cost-eRective
way to reach people who plan to release a tortoise at the DTNA would be an informative sign, outlining in detail
the reasons for the prohibition of release of captives. It should be placed at the IC, preferably at the entrance
gate from the parking area. M ost visitors are genuinely concerned for the well being of both captive and wild
tortoises, and will cooperate with a reasonable and detailed plea for compliance. The sign should include an
alternative to release, such as the phone number of an adoption agency. T his is already available on the large
sign near the entrance from the parking area, but it should also be present on the proposed sign. Law enforcement
agencies, such as the California Highway Patrol and others to whom the public may turn for advice, should be
made aware of the illegality of release of tortoises into the wild.
Vandalism and Natural Damage to Facilities
Regular maintenance of the IC enhances the educational potential of the facility. M a r kers and display
materials along trails require frequent attention, and occasional replacement, due to theft, vandalism, and wind
damage.
Litter might be reduced by the presence of a garbage can. The septic workers who emptied the outhouses
commented that large quantities of garbage thrown into the pit toilets Iparticularly cans and bottles) made their
job difficult.
The frequency of prohibited activities might be decreased through verbal (discussions with a naturalist,
docent, tour guide, etc.) or w r itten (signs or brochures) communication with v isitors or t h rough increased
supervision of the area (see "Naturalist Position" below).
Venomous Animals and the Visitor
Rattlesnakes are relatively abundant on the DTNA compared to most other flatland desert sites with
which I am familiar. Rattlesnakes should not be viewed as a threat to visitors, but as a welcome addition to the
educational experience. DTPC tour guides should continue to encourage visitors to watch for snakes, as was
the practice on all tours this year. The naturalist, DTPC tour guides, and BLM Ranger should make a habit of
checking the outhouses and floor of the information kiosk when they arrive at the IC. S n a kes found in the
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outhouses should be moved to a safer location. Because most visitors enjoy seeing a rattlesnake, those found
at other localities should be closely monitored and shown to visitors.
Large numbers of black widows in the IC outhouses and information kiosk should be of concern to the
BLM and DTPC. Most experienced desert campers know that outhouse toilet seats should be checked for these
spiders prior to use. M a n y visitors to the DTNA, however, are unaware and therefore vulnerable. A r e gular
control effort to keep outhouses, benches, and signs clear of these potentially dangerous spiders should be
considered. Black widows are abundant in natural habitats in the DTNA (such as tortoise burrows, large mammal
burrows, wash cut-banks), so their population is unlikely to suffer from a localized control effort.

Observations of Vertebrates
Amphibian and reptile species observed at California City are included in A ppendix 1 b e cause any
semipermanent or p e rmanent w a ter s o urce might b e s u ff i cient fo r t h eir establishment. B u l l f rogs (R ana
catesbeiana) are already present in ponds at the Honda test track site about 2 km west of the DTNA. If a water
source is constructed at the DTNA (e.g., associated with desert tortoise recovery projects), the introduction and
establishment of one or more of these species is likely. The high vagility of birds ensures that any species seen
in California City (see Appendix 1) would eventually be observed at the DTNA given sufficient sampling effort.
As suggested by Berry (1978), w estern blind snakes (Leptotyphlops humilis), speckled rattlesnakes
(Crotalus mitchelh), and possibly ground snakes (Sonora semiannulata) may occur on the DTNA. The lyre snake
( Trimorphodon biscutatus), which is known from the nearby El Paso Mountains and for which appropriate habitat
exists on the north end of the DTNA, might also be present. Because of taxonomic revisions (Cole and Hardy
1981), the California black-headed snake (Tantilla planiceps) should be replaced by the southwestern blackheaded snake (T. hobartsmithI)
The gathering of detailed and statistically treatable observations on the ecology of desert tortoises, or
any other organism, requires the full-time attention of the investigator, and so is not appropriately within the
domain of duties of the naturalist unless other duties are greatly reduced. Th e naturalist can, however, be of
aid to researchers by bringing observations of interest to their attention.
Invertebrate Collection
The invertebrate collection does not cover the range of taxa that could be collected on the DTNA in a
wet year. Insect diversity and abundance are highly dependent upon rainfall (see e.g., Dunham 1978) and were
therefore low in 1989. M ore species could be collected through the use of additional collection techniques, such
as UV light attraction at night or sampling of leaf litter insects using a Berlese funnel.
Special Studies and Future Research
Effects of Human Disturbance on Habitat Specialists
Low chuckwalla densities on the DTNA and surrounding areas appear to be associated with disturbance
of rock outcrops. The practice of breaking apart rock outcrops is common among snake hunters, especially those
looking for rosy boas (pers. obs.), but since I am unfamiliar with the habits of rockhounds, miners, and others,
I am not sure where the blame lies in this case. The suggested historical presence of chuckwallas in the hills
east of the IC could be tested by searching the contents of woodrat (Neotoma sp.) middens, which are abundant
in the hills, for the presence of bones. This technique has been successful in the study of floral and faunal history

in other areas (see for example Van Devender and Spaulding 1979).
Although night lizards appear to be as abundant as can be expected on the DTNA, considering the limited
h abitat, densities are lower than expected in the Rand Mountains Joshua tree forest mentioned above. T h e
dearth of Joshua tree litter in this heavily impacted area is probably due to the use of Joshua tree logs in campfires.
Litter and night lizards are often abundant in undisturbed Joshua tree woodland.
ORV Effects on Lizards
A carefully designed and thorough study of the effects of ORVs on lizards (or other organisms) should
involve precise estimation of densities and species composition of lizards and plants on a large number of plots
both inside and outside the DTNA fence. This would entail counts of plants and individual marking of all animals
of interest and an investigation of the relationship of species composition and abundance with level of ORV

disturbance. The degree of isolation of each plot from areas having dissimilar ORV use patterns (possibly just
distance from the fence) must also be considered. The long-term protection afforded animals inside the fence
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and long-term disturbance outside the fence make the DTNA an excellent site for this type of study. Off ers of
small grants might generate interest among field biology-oriented graduate students, who traditionally lack funds
for field projects.
The Future of the Naturalist Position
Presence of a naturalist on the DTNA is valuable and serves the philosophy, needs, and goals of the DTPC
well. The primary role of the naturalist should be public education. A full-time naturalist can interact with a large
proportion of visitors and disseminate important information on desert tortoise conservation. T h e naturalist
should be present from early March through the Memorial Day weekend. Presence on weekends, especially
holidays, is critical. If funding allows, the position should continue, at least on weekends, through the July 4th
holiday. Visitation on Labor Day weekend and during cool autumn weather, from late September through early
November, may also be great enough to justify presence of a naturalist. A d d ing a second full-time naturalist
could provide presence on the DTNA for up to 11 hours per day on weekdays and 12 hours per day on weekends.
Fixed hours of7:00 am through 6:00 pm on Monday through Thursday and 7:00 am through 7:00 pm on Friday
through Sunday would most effectively cover periods of visitation.
An indoor facility (motor home, trailer, or building) near the IC could house educational exhibits and
materials for tours. I t c o uld also be used as a place for work and refuge for the naturalist. I t i s difficult or
impossible to do paperwork at the IC because of consistent winds. I was unable to do curatorial work on the
invertebrate collection for the same reason. The second activity reduced the amount of time spent on the DTNA
during late June and July. A n i n door facility would enable the naturalist to carry out these sorts of activities
and still maintain a presence on the DTNA in case visitors arrive.
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APPENDIX 1
Vertebrate Species Observed On or Near the DTNA:
12 March through 12 July, 1989
CLASS Amphibia
ORDER Anura
FAMILY Bufonidae
Western Toad

Bufo boreas

FAMILY Ranidae
'Bullfrog

Rane catesbeiana

FAMILY Hylidae
Pacific Treefrog

Hyla regilla

CLASS Reptilia
ORDER Testudinata

FAMILY Testudinidae
Desert Tortoise

Gopherus agassizii

ORDER Squamata
FAMILY Xantusiidae
Desert Night Lizard

Xantusia vigilis

FAMILY Teiidae
Western Whiptail

Cnemidophorus tigns

FAMILY Iguanidae
Desert Spiny Lizard
Side-blotched Lizard
Zebra-tailed Lizard
Desert Horned Lizard
Leopard Lizard
Desert Iguana
Chuckwalla

Sceloporus magister
Uta stansburiana
Callisaurus draconoi des
Phrynosoma platyrhinos
Gambeli a wislizeni
Dipsosaurus dorsalis
Sauromalus obesus

FAMILY Viperidae
Sidewinder

Crotalus cerastes
Crotalus scutulatus

Mojave Rattlesnake

FAMILY Colubridae
Coachwhip

Masticophis flagellum
Pi tuophis melanoleucus
Arizona elegans
Chionactis occipi tali s
Rhinocheilus lecontei
Thamnophis couchi

Gopher Snake
Glossy Snake

Shovel-nosed Snake
Long-nosed Snake
Two-striped Garter Snake
CLASS Aves
ORDER Podicipediformes
FAMILY Podicipedidae
'Pied-billed Grebe

Podilymbus podiceps

ORDER Pelicaniformes
FAMILY Phalacrocoracidae
Double-crested Cormorant

Phalacrocorax auri tus
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ORDER Anseriformes
FAMILY Anatidae

'Canada Goose

Branta canadensis
Chen caerulescens
Anas platyrhynchos
Anas cyanoptera
Anas crecca
Ox yurajamaicensis

Snow Goose

Mallard
Cinnamon Teal
"Green-winged Teal
Ruddy Duck
ORDER Falconiformes
FAMILY Cathartidae
Turkey Vulture

Cathartes aura

FAMILY Accipitridae
Northern Harrier
Red-tailed Hawk
Golden Eagle

Circus cyaneus
Buteo j amai censis
Aquila chrysaetos

FAMILY Falconidae
Prairie Falcon
American Kestrel

Falco mexicanus
Falco sparverjus

ORDER Galliformes
FAMILY Phasianidae

Gambel's Quail

Calli pepla gambelii

Chukar

Alectoris chukar

ORDER Ciconiiformes
FAMILY Ardeidae
Snowy Egret'
'Great Blue Heron
'Black-crowned Night Heron

Egretta thule
Ardea herodias
Nycticorax nycticorax

ORDER Gruiformes
FAMILY Rallidae
American Coot

Fulica americana

ORDER Charadriiformes
FAMILY Charadriidae

Killdeer

Charadrius vociferus

FAMILY Laridae

'Forster's Tern

Sterna forsteri
Sterna caspia

Caspian Tern

ORDER Columbiformes
FAMILY Columbidae

Mourning Dove

Zenaida macroura

ORDER Strigiformes
FAIVIILY Tytonidae
Barn Owl'

Tyto alba

FAMILY Strigidae
Burrowing Owl

A thene cunicularia
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ORDER Caprimulgiformes
FAMILY Caprimulgidae
Common Poorwill
Lesser Nighthawk

Phalaenoptilus nuttallii
Chordeiles acutipennis

ORDER Apodiformes
FAMILY Apodidae
Vaux's Swift
White-throated Swift

Chaetura vauxi
Aeronautes saxatalis

FAMILY Trochilidac
Costa's Hummingbird'

Calypte costae

ORDER Piciformes

FAMILY Picidae
Northern Flicker

Colaptes auratus

ORDER Passeriformes
FAMILY Tyrannidae
Western Kingbird'
Ash-throated Flycatcher
Say's Phoebe

Tyrannus verticalis
Myiarchus cinerascens
Sayornis saya

FAMILY Alaudidae

Horned Lark

Eremophila alpestris

FAMILY Hirundinidae
Barn Swallow
Cliff Swallow
Violet-green Swallow
Tree Swallow
No. Rough-winged Swallow
"Purple Martin

Hirundo rustica
Hirundo p yrrhonota
Tachycineta thalassina
Tachycineta bicolor
Stelgidopteryx serripennis
Progne subis

FAMILY Corvidae
Common Raven

Corvus corax

FAMILY Remizidae
Ver din

A uriparus flaviceps

FAMILY Troglodytidae
"House Wren
Cactus Wren

Troglodytes aedon
Campylorhynchus brunneicapillus

Rock Wren

Salpinctes obsoletus

FAMILY Mimidae

Northern Mockingbird

Mimus polyglot tos
oreoscoptes montanus
Toxostoma lecontei

Sage Thrasher
LeConte's Thrasher
FAMILY Muscicapidae
Hermit Thrush

Catharus guttatus

"Black-tailed Gnatcatcher

Polioptila melanura

"Ruby-crowned Kinglet

Regulus calendula
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FAMILY Ptilogonatidae
Phainopepla
FAMILY Laniidae

Phainopepla nitens
Lani us ludovicianus

Loggerhead Shrike
FAMILY Sturnidae

European Starling'

Sturnus vulgari s

FAMILY Emberizldae
'Black-and-white Warbler
"Orange-crowned Warbler
"Nashville Warbler
"Yellow Warbler
"Yellow-rumped Warbler

Townsend's Warbler
Black-throated Gray Warbler'
'Common Yellowthroat
Yellow-breasted Chat

"M ac G illivray's Warbler
Wilson's Warbler

"Painted Redstart
'Yellow-headed Blackbird
Scott's Oriole
'Hooded Oriole
Black-headed Grosbeak
Black-throated Sparrow

Sage Sparrow
Dark-eyed Junco
Chipping Sparrow
White-crowned Sparrow

Mniotilta varia
Vermi vora celata
Vermi vora ruficapi lie
Dendroica petechia
Dendroi ca corona ta
Den droi ca to wnsendi
Dendroica nigrescens
Geothlypis trichas
Icteria virens
Oporornis tolmi ei
Wilsonia pusilla
Myioborus pictus
Xan thocephalus xan thocephalus
Icterus parisorum
Icterus cucullatus
Pheucticus melanocepha/us
Amphispiza bilineata
Amphispiza belli
Junco hyemalls
Spizella passerina
Zonotrichia leucophrys

FAMILY Fringillidae
Carpodacus mexicanus

House Finch
FAMILY Passeridae
'House Sparrow

Passer domes ti cus

CLASS Mammalia
ORDER Chiroptera
FAMILY Vespertilionidae
Western Pipistrelle

Pi pistrellus hesperus

ORDER Lagomorpha
FAMILY Leporidae
Black-tailed Jackrabbit
Desert Cottontail

Lepus cali fornicus
Sylvilagus auduboni

ORDER Rodentia
FAMILY Sciuridae
Whitetailed Antelope Squirrel
Mohave Ground Squirrel

Ammospermophilus leucurus
Spermophilus mohavensis

FAMILY Meteromyidae
Merriam Kangaroo Rat

Dipodomys merriami
Perognathus sp.

Pocket Mouse
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FAMILY Muridae

Desert Woodrat

Neo toma lepida

ORDER Carnivora
FAMILY Canidae
Coyote

Canis latfans

Species new to DTNA should it ever be encountered there, but observed by me only in California City, California.
Species new to DTNA.
Species observed only in California City, CA, but known previously from DTNA.
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CLINICOPATHOLOGIC INVESTIGATIONS ON AN UPPER RESPIRATORY DISEASE OF
FREE-RANGING DESERT TORTOISES, GOPHERUS A GASSIZII
Elliott R. Jacobson and Jack M. Gaskin
Abstract. Seventeen clinically ill desert tortoises (Gopherus agassizii) manifesting signs of an u pper
respiratory t r act d i sease w ere e x amined. T h i r t een t o r toises w er e e u thanized fo r d e t ailed po st-mortem
evaluations. For comparative purposes, four normal desert tortoises from a clinically healthy population were
s imilarly evaluated. H e m a t ologic and serum biochemical findings included significantly ( P ( 0 . 0 5 ) l o w e r

hemoglobin and phosphorus values and elevated values for serum sodium urea, SGOT, and cholesterol in ill
compared to healthy tortoises. No significant differences in serum or liver vitamin A and E were found between
the two groups. While no significant differences were found for lead, copper, cadmium, and selenium, the livers
of ill tortoises had higher levels of mercury and iron.
Major pathologic findings were consistently found in the nasal passageways and nasal cavities in all ill
tortoises. At a gross level, a moderate to large amount of caseous exudate was seen in the nasal cavity of all
ill tortoises. L i ght microscopy demonstrated diffuse, severe, subacute to chronic inflammation of the entire
mucosa and submucosa of th e u pper respiratory tract . I n a l l ill tortoises, there was a l oss of t h e n o rmal
cytoarchitecture of the upper respiratory tract, w ith the normal surface epithelium replaced by proliferating
epithelial cells, some c o ntaining intracytoplasmic eosinophilic bodies, were c o mmonly seen .
B y e l e c t ron
microscophy, small (350-450 y m i n d iameter) pleomorphic organisms lacking cell walls were seen in close
association with the surface epithelium of all ill tortoises. These organisms resembled members of the genus
Mycop/asma. No v iruses were recovered from the upper respiratory tract, Bacterial isolates from ill tortoises
included a mixture of gram positive and gram negative microorganisms. Pasteure//a restudinis was isolated from
the nasal cavity of all ill tortoises and one of four healthy tortoises. An organism compatible with Mycop/asma
was cultured from the nasal cavity in electron micrographs. M y c op/asma sp. are known t o c a use chronic
respiratory disease in a variety of mammals and birds. However, since tortoises in the early stages of the disease
were not examined, the exact cause of the pathologic changes in the upper respiratory tract could not be
determined. T r ansmission studies will be necessary to determine the significance of the organisms isolated.
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JUVENILE TORTOISES, PART II: STRATEGIES FOR ASSESSING ECOLOGICAL NEEDS
AND PREFERENCES FOR NEONATAL DESERT TORTOISE, GOPHERUS AGASSIZII
Michele A. Joyner and David J. Morafka
Abstract. The difficulties inherent in studying neonate desert tortoises (Gopherus agassizii1 in the Mojave
Desert are severe and multifaceted. Two separate and unique opportunities to study neonates are being provided
by captive offspring donated by the California and Arizona tortoise clubs, and tentatively, by access to field sites
at Fort Irwin. Ninety captive neonates, maintained at California State University, Dominguez Hills (CSUDH), have
been divided into California and Arizona study sets, and into hibernating and winter-active groups. Health and
ontogeny is monitored through weight measurements, fecal analyses, and blood panels. Winter-active tortoises
are being tested for shell kinesis, yolk reabsorption using Magnetic Nuclear Imaging, evaporative losses, and a
series of choice trials testing discrimination of natural substrates and diet items. Preliminary choice results are

reported. The Fort Irwin study will include radiotelemetry of salvaged females, relocated to a predator-proofed
enclosure. Here nesting will be monitored, nest microclimates characterized, and neonates tracked through their
first year.
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RELATIVE ABUNDANCE AND DISTRIBUTION OF THE COMMON RAVEN IN THE
DESERTS OF SOUTHERN CALIFORNIA AND NEVADA, FALL 1988 THROUGH SUMMER
1989
Craig J. Knowles and Kristin H. Berry
Abstract. Ten vehicle routes through four regions of the California deserts were used to sample relative
abundance and distribution of the common raven (Corvus corvax). Each route was covered twice a month from
October 1988 through September 1989. Twenty-five landfill sites and 17 sewage ponds were also visited along
the routes at bi-weekly intervals. A total of 53,127 transect miles was logged, resulting in 6,561 observations

of ravens along the routes, and 10,287 observations of ravens at landfills and sewage ponds. Ravens were most
abundant in the west Mojave Desert and least abundant in portions of the southern Colorado Desert. Ravens
observed per 100 transect miles ranged from 51.6 to 0.1 in these regions, respectively. In general, relative raven
density was highest during fall and declined through winter, spring and summer. H o w e ver, highest densities
on two r o u tes o c curred during w i nter and o n on e r o ute d uring summer. L a n d f ills constituted the m ajor
concentration areas for ravens in all regions and showed little change in seasonal use. All active landfills, except
one, were used by ravens. L a ndfill size and management influenced raven use. A g r i cultural areas were the
second major concentration site for ravens. R avens flocked to these areas, taking advantage of seasonally
available agricultural crops. O nly three of 17 sewage ponds showed consistent use by ravens.

247

A SURVEY FOR ILL DESERT TORTOISES IN AND NEAR THE DESERT TORTOISE
NATURAL AREA DURING SPRING 1989
Craig J. Know[es, Pame[a R. Knowles and Kristin H. Berry
Abstract. Approximately 28.5 km' on and near the Desert Tortoise Natural Area were surveyed for ill
(Upper Respiratory Tract Disease [URTD]) desert tortoises (Gopherus agassizil') between 1 April and 19 May
1989. A total of 468 live desert tortoises was encountered during all phases of this study. Sub-adult and adult
tortoises accounted for 93 % o f t his total. S y m ptoms of URTD included a damp appearance inside nostrils,
bubbles forming on the nostrils during exhale, nostrils plugged with dried mud and/or dried mud on the face,
m ud on th e f a c e an d a c l ear n asal discharge, or a h e avy n asal discharge, frequently w it h s om e w h i t e
pigmentation. Possible URTD symptoms were found in 43% of the tortoises examined. A substantially greater
proportion of males (51%) was found with URTD symptoms than females (39%). T w e n t y-six percent of the
tortoises under 208 mm maximum carapace length (MCL) (subadults and smaller) showed URTD symptoms,
while 46% of the adults were classified as ill. Frequently of ill tortoises in sections (1 mi' [259 ha] survey areas,
n =

14) ranged from 9-70%. During the survey period, we found evidence that tortoises were developing

symptoms of URTD and dying. A total of 693 tortoise carcasses was found during the study and 67% of these
were judged to have died within the past 4 years. A ge-size class and sex distribution of the carcasses did not
differ significantly from the age-size class and sex distribution of live tortoises. T h ere appeared to be no

relationship between relative density of tortoises or tortoise carcasses by section and frequency of disease.
General conclusions of this study are: U RTD has spread beyond an area 16 by 32 km; URTD appears to have

been killing desert tortoises in this area for more than four years; and all age-size classes and both sexes are
susceptible to URTD.
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A REVIEW OF PHASE I DESERT TORTOISE SURVEYS CONDU C TED BY WESTERN
TECHNOLOGIES INC., IN CLARK COUNTY, NEVADA
Pamela R. Knowles, Craig J. Knowles and Peter Gulash
Abstract. Between 5 September 1989 and 2 February 1990, Western Technologies, Inc. conducted
Phase 1 desert tortoise (Gopherus agassizlj' surveys on 8,000 acres (3,239 ha) of land in Clark County, Nevada.
This represented 202 separate requests for Biological Assessments with an average parcel size of 39.6 acres
(16.0 ha). Tortoises or active burrows were located on 12% (25) of the parcels distributed over 4,102 acres
(1661 ha). A v erage parcel size where tortoises or active burrows were found was 164 acres (66 ha). A t o t al
of 61 tortoises was observed with 80% of these being found on 2,478 acres (1,003 ha) representing three large
parcels of land. T o r t oises were generally not found in interior urban areas or outlying suburban areas with
developments on two or more sides. T o rtoises were absent from some habitat/soil types despite large areas
of minimal human disturbance.
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A POPULATION MODEL FOR THE DESERT TORTOISE (GOPHERUS AGASS/Z//)
Claudia Luke

Abstract. Grazing, off-road vehicle use, raven population growth, and a recently
discovered upper respiratory disease have contributed to d esert tortoise (Gopherus
agassizil) population declines. In order to better understand the relative impacts of these
human-related factors on desert tortoise populations, I present an exponential deterministic population model for the desert tortoise. I altered recruitment and survivorship rates
of the population model to mimic effects that changes in forage, raven predation, and

frequency of a lethal upper respiratory disease could have on population growth. Factors
impacting adult tortoises, such as the upper respiratory disease, have the greatest effect
on population growth: a 25% decrease in juvenile and adult survivorship (e.g., the upper

respiratory disease) produced a 50% decline in the model population in eight years; a
25% decrease in juvenile and hatchling survivorship (e.g., raven predation) produced a
50% decline in 22 years; and a 25 % decrease in clutch frequency (e.g., low-forage

conditions) produced a 50% decline in 105 years.
Frequency of the upper respiratory disease in desert tortoise populations in the
western Mojave Desert suggest that 50% declines in population sizes could occur within
8 years. Piles of tortoise carcasses found under raven perching sites suggest that raven
predation accounts for roughly 5% of hatchling and juvenile mortality; a 5% increase in

mortality in these age groups could produce a 50% decline in desert tortoise populations
in 60 years. Low clutch frequencies measured in desert tortoise populations during years
of low annual rainfall suggest that desert tortoise populations in severely grazed areas

could decline by 50% in 40 years.
INTRODUCTION
Human-related factors that increase tortoise mortality and destroy or modify their habitat are welldocumented t h roughout th e r a nge o f t h e d e s ert t o r toise (Gopherus agassizii'I. Man y o f t h e s e f a c t ors

detrimentally affect tortoises at different life stages: grazing may decrease the number of tortoise eggs laid per
year, increased raven predation may decrease the number of hatchling and juvenile tortoises, and a lethal upper
respiratory tract disease may kill juvenile and adult tortoises. In this paper, I evaluate the potential effects of
these three human-associated impacts on tortoise population growth by designing a population model for the

desert tortoise and altering recruitment and survivorship rates of the population model to mimic effects of
reduced forage density, raven predation, and the upper respiratory disease.
Of any human activity, grazing has had the most w i despread impact on tortoise habitat, occurring
historically on 93% and 90% of habitat in California and Arizona respectively (Turner et al. 1981). W h ile the
actual effects of grazing on tortoises have not been measured effectively, some evidence strongly suggests that

grazing has a negative impact on tortoises (see Luke et al. 1991 for review). Cattle, sheep, and tortoise forage
on the same plant species (Coombs 1979; Sheppard 1981; Nicholson and Humphreys 1981; Medica et al. 1982);

grazing reduces forage density and abundance of plant species preferred by tortoises (Hardy 1945 compared
to Coombs 1977 and Hohman and Ohmart 1978; Webb and Stielstra 1979; Nicholson and Humphreys 1981);
and tortoise clutch frequency is positively correlated with forage density (Turner et al. 1986; Turner et al. 1987a).
Thus, grazing may contribute to tortoise population declines by decreasing the numbers of hatchling tortoises
produced per year. Although grazing also may have additional impacts, such as crushing tortoises and burrows,
I do not address these potential effects in this paper.
Ravens are opportunistic foragers and have been known to eat small tortoises that they kill, scavenge
or pirate (Berry 1985, Bureau of Land Management [BLM] et al. 1989; U.S. Department of the Interior [USDI)
1990). Dramatic increases in raven numbers along roadsides and areas of human habitation (FaunaWest 1989a,

USDI 1990) and recent decreases in the numbers of small tortoises on long-term study plots (Bevy et al. 1986a,b,
BLM et al. 1989, U.S. Dep. Inter. 1990) have prompted federal and state agencies to implement controversial
raven management plans (USDI 1989, 1990; BLM et al, 1989; Rado 1990). Opponents to the plans claim that

the existing data is not sufficient to conclude that ravens are significantly impacting tortoise populations. While
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further data on raven diet, foraging behavior, and causes of small tortoise mortality are gathered, the potential
impact of ravens on tortoise populations can be evaluated using a population model.
An upper respiratory tract disease was identified recently in tortoise populations in the western and
central Mojave Desert, southern Nevada, and at the Beaver Dam Slope in Utah and Arizona (Berry and Slone
1989). A l t hough captive tortoises commonly contract the disease (Rosskopf 1988), little is known about its
etiology or t r a nsmission vectors. P r e l iminary studies suggest that th e p r imary agent ma y b e a v i r us, a
Mycoplasma (a genus of gram-negative bacteria that lack a true cell wall), or a Pasteurella (a bacteria) that work
alone or in concert (Jacobson and Gaskin 1990). T o r toises developing the disease lose the ciliated epithelial
lining in their nasal sinus which increases their susceptibility to i nfections and commonly results in death
(Rosskopf 1988; FaunaWest 1989b; Jacobson and Gaskin 1990). The disease has been found at high
frequencies in juvenile and adult tortoises (Berry and Slone 1989; FaunaWest 1989b), but little is known about
its occurrence in hatchling tortoises. The high frequency of the disease in natural populations indicates that the
disease is a serious threat to desert tortoise populations.
METHODS
Life History Parameters Used in the Model
I reviewed desert tortoise demographic variables that are necessary to construct the population model:
survivorship of di ff erent age classes; recruitment rates of y o ung into th e p o pulation; sex ratios; and age
structure.
Survivorship
Tortoise survivorship rates vary with age. I divided the desert tortoise life cycle into four periods that
reflect different survivorship rates: egg, hatchling (0-4 years), juvenile and subadult (5-14 years), and breeding
adult (15-79 years). These age categories are somewhat artificial because survivorship rates probably do not
change abruptly between each division, and because survivorship in the younger age classes (egg and hatchling)
is probably more variable between years than in the older classes. E g g survivorship calculations are used in
estimates of recruitment rates in the population (see below).
I chose these survivorship categories because: 1) egg predators use search strategies and handling
tactics that differ from hatchling predators, and different species may prey on eggs and hatchlings; 2) hatchlings

probably experience high rates of mortality that decline once the shell hardens (Grant 1936) at approximately
five years of age; 3) juveniles and subadults probably have higher survival rates than hatchlings but may still
be subject to higher rates of predation than adult tortoises because of their smaller body size (e.g., ravens have
been known to prey on subadults but rarely take adult tortoises [(Berry 1985]); and 4) survivorship data from
a population of tortoises near Goffs, California show increasing survivorship with body size (Turner et al. 1987a).
I used 15 years as the age at which tortoises reach sexual maturity. The smallest female desert tortoise
reported with eggs had a 189 mm carapace length (Turner et al. 1986). Based upon correlations between scute
annuli and body length, 189 mm carapace length corresponds to approximately 1 5 years of age (Germano 1989).
(Although several studies have criticized the use of scute annuli for estimating tortoise age, this technique is
accurate for tortoises younger than 25 years [see Auffenberg and lverson 1979 and Germano 19881.) Reports
of the size and age of tortoises at maturity vary. Size estimates range from 140-285 mm, which may correspond
to 12-20 years of age (Desert Tortoise Council 1980). Turner et al. (1987a) reports sexual maturity of tortoises
in the wild at 17-20 years. Turner and Berry (1984b) emphasize that tortoises grow at different rates and may
reach sexual maturity at different ages.
Hatchling Survivorship — Very little is known about mortality in turtle hatchlings (0-5 years) (Wilbur 1 975; Wilbur
and Morin 1988). Survivorship rates are difficult to estimate because very small tortoises are harder to find than
other age groups (Hampton 1981; Berry 1978; Turner and Berry 1984a; Karl 1989). Difficulty in detecting small
tortoises may indicate that they show different activity patterns than adults (e.g., are less active, move shorter
distances, and spend less time above ground), or simply that they are more difficult to see because their small
size enables them to hide more effectively. The difficulty of finding small age classes has also been noted in
other species of turtles (Wilbur 1975). T his problem plagues demographic studies because it does not allow
accurate estimates of turtle survivorship.
Turner et al. (1987a) estimated annual survivorship of hatchlings (and other age classes) indirectly by
first estimating the probability of capture as a function of body size. To estimate the probability of capture, they
used a modified Jolly-Seber model which relies on multiple recaptures of tortoises (between 1977 and 1986),
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The resulting probability of capture for different size and age classes was then incorporated into the survival
estimates. Using this method, young tortoises (smaller than 140 mm, less than 10 years old) showed annual
survivorship values between 77 and 85% . T h i s estimate contrasts markedly with some previous guesses of
hatchling survivorship (1-3%, Anonymous 1973). In the model, I used 79% as an average annual survivorship
for the first five years of life from Turner et al. (1987a: Table 30).
Juveniles and Subadult Survivorship - Risk to predation may decrease after five years when the tortoise shell
hardens. Turner et al. (1987a) showed survivorship estimates between 80% and 87% (ages 5-14 years, Table
30). I used an average juvenile and subadult survivorship of 83% calculated from their studies.
Turner et al. (1987a) found that their model did not perfectly fit the observed capture data. This could
be explained by the observation that juvenile and subadult female tortoises were recaptured more frequently than
males (annual variation in survival also accounted for some of the variation). For this reason they incorporated
a parameter into their calculations of female survival which accounted for female behavior (they use smaller areas
than males and have higher fidelity to these areas) (see also Germano 1989). Thus for juvenile and subadults,
survivorship values differ between the sexes by about 3% . I d i d not incorporate this slight variation into the
model.
Adult Survivorship and Longevity - Adult survivorship and longevity greatly affect the dynamics of population
growth by determining the number of tortoises that breed and the period of time over which they breed. Annual
survivorship estimates for tortoises once they reach maturity vary between 89% at age 15 and 97.1% at age
7 1 (Table 30 in Turner et al. 1987a). I c alculated the average survivorship for ages 15-75 at 95 % .
Estimates of tortoise longevity vary: Woodbury and Hardy (1948), and Bury and Marlow (1973) reported
that tortoises live for 50 to 10 0 years in the wild; Switak (1973) reported 30-50 years; Hardy (1976) found
several tortoises living to at least 45-50 years. Based on growth ring counts, Germano (1989) estimated that
most adults do not live much beyond 30 years, and that maximum longevity may be 40-50 years. T u rner et
al. (1987a) assumed a longevity of 75 years in their life table calculations. For the model I assumed a maximum
life-span of 79 years.
Recruitment Rate
I defined recruitment rate as the number of hatchling tortoises produced per breeding-age female per
year. I assumed that all adult females reproduce throughout their lives. The number of tortoises produced per
breeding female is dependent on the number of eggs laid per year and egg survivorship.
Number of Eggs per Year — Desert tortoises lay 2-14 eggs per clutch (Berry 1978). A v e rage clutch sizes are
reported between five and seven eggs (Berry 1978, Hampton 1981). Wilbur and Morin (1988) listed the average

number of eggs at five. Turner and Berry (1985) reported an average of 4.2 eggs per clutch in a population at
Goffs, California. It is unknown whether or not clutch size varies geographically, independent of documented
variation due to rainfall (Turner et al. 1986, 1987a).

Clutch size and number of clutches laid per season (0-2) increase with female body size (Turner et al.
1 986, 1 987b). For the model, I used data collected from a study site at G off s, California to calculate the average
number of eggs laid per year by tortoises age 15-24 (6.74 eggs), age 25-44 (8.4 eggs), and age 45-79 (10.5

eggs, Table 30 in Turner et al. 1987a).
Egg Survivorship - Embryonic death resulting from 1) developmental failure, 2) egg breakage during oviposition,
or 3) predation reduces the number of eggs that actually produce hatchlings by as much as 50% (Turner et al.
1987b).
1) Developmental failure may result from inadequate environmental conditions or embryological defects or both.
No thorough study has been conducted on the developmental success of egg clutches in the wild. Tw o desert

tortoise nests observed in Nevada and California showed a 50% and 100% hatching success, respectively (Burge
1977). Because estimates of developmental failure are not easily separated from measures of egg infertility,
I included both variables under the heading of fertility. A d equate measures of fertility (percent fertile eggs per

clutch) in wild tortoises have not been made. Burge (1977) developed a method for determining whether the
tortoise embryo was developed at the time an egg was broken: the inner surface of the shell is convoluted in
a undeveloped egg and eroded in a developed egg. In a study at Goffs, in the eastern Mojave desert, she found

that 28 of 32 eggs excavated by predators had eroded convolutions, one was convoluted (undeveloped at time
of predation), and three could not be precisely classified. Turner et al. (1986) reported that 50 out of 57 eggs
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(88%) developed in protected nests. C o m bining estimates of infertility from Burge's work and Turner et al.
(1986), Turner et al. (1987a) estimated egg fertility at 93.9% (123/131). Estimates of fertility for the Galapagos
tortoise (Geoche/one e/ephentophus) are slightly lower (80%, Auffenberg and Iverson 1979).
2) Turner and Berry (1985) observed that 6.6% of eggs laid may be broken during oviposition or later. I adopted
this figure in the calculations below.
3) High rates of egg predation are well documented in other species of turtles and can vary with predator density
( Wilbur and Morin 1988). R ates of predation on desert tortoise nests can be high (Bury and Marlow 1 9 7 3 ) .
Hampton (1981) reported that 13% (2/15) of tortoise nests at the BLM's Desert Tortoise Natural Area (DTNA)
were dug up by predators. G ila monsters (He/oderma suspectum) raided 75% of known t ortoise nests and a
kit fox I Vu/pcs macrot/s) dug up another nest in Paradise Canyon, Utah (Coombs 1977). T u r ner et al. (1987a)
estimated the extent of nest destruction using two methods. 1) The number of excavated nests was determ ined by the presence of broken shells and compared with estimates of the number of nests prepared. T h e
number of nests prepared was estimated by comparing the numbers of reproductive females and numbers of
clutches laid during the season (Table 12 in Turner et al. 1987a). 2 ) A g r oup of nests was marked and the
frequency of destruction was noted. Predation rate estimates were higher using the second method. Whether
or not repeated inspections of the marked nests facilitated predation is unknown (Turner et al. 1987a). I followed
Turner et al, (1987a) and assumed an average nest predation rate of 37.1% based on an average of four nest
destruction frequencies (27.2-52.7%) taken over four years using method one.

Recruitment Rate Estimates - To estimate the number of hatchlings produced per female per year (recruitment
rate), I followed Turner et al. (1987a) and reduced the number of eggs as follows:
Recruitment Rate (RR)
=

(number of eggs laid) (0.939 fertile) (0.934 unbroken) (0.629 escape predation)

(1)

=

(number eggs laid) 0.5517

(2)

This proportion of eggs that survived to hatching is then used to calculate the number of hatchlings
produced by one female in one year. For example, the number of young produced by a female 15-24 years old
is (6.74) (0.5517) = 3.718 hatchlings in one year,
Sex Ratios
The sex ratios of hatchling turtles are unknown. M ale and female tortoises larger than 180 mm appear
to be present in equal proportions in many populations (Turner et al. 1987a; Berry 1990). I assumed an equal
sex ratio within the hypothetical population.
Age Structure
Age structures of tortoise populations in the wild are difficult to measure accurately. Smaller size classes
are typically under-represented because they are difficult to find. I a d opted an age structure that results in a
stable population (i.e., the proportion of t o rtoises in each age class remains the same). O n c e a st able age
distribution i s a c h ieved, the rate of c hange in the population size is dependent upon the survivorship and
recruitment rates and changes in tortoise population growth can be studied relative to variation in the life-history
data. T o o b t ain a stable age distribution, I started the population model with equal and descending numbers
of males and females in each five-year age class (e.g., seven animals in the two youngest age classes, five in
next two age classes, etc.) and calculated the number of individuals in each class for each year until they
stabilized.
Population Model
I developed a simple age-structured population model for the desert tortoise that increases (or decreases)
exponentially at a f i n it e r ate . T h e m o d e l allows alteration of t h e i n itial age st ructure of t h e p o p ulation,
survivorship rates of hatchlings (0-4 years), juveniles (5-14 years), and adults (15-79 years), and recruitment
rates of females of three age classes: 15-24 years, 25-44 years, and 45-79 years. Sex ratios can also be altered
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but their effects on population growth are not addressed in this paper. All calculations were run using a Quatro
Pro spreadsheet and population size was calculated at five year intervals.
Manipulating the Model
In order to more easily visualize the effects that the disease, raven predation, or forage availability could
have on a population, I set birth and death rates equal by increasing juvenile survivorship values from 83-85%
and adult survival from 95-97.55% . T his produced a stationary population (i.e., the number of tortoises in the
population is constant) (Fig. 1) which I used as a starting point for sensitivity tests designed to simulate the
effects of disease, raven predation, forage density on tortoise population growth.
To simulate the effect of the upper respiratory tract disease on rates of population declines, I varied adult
and juvenile survivorship between 5% and 90 % of th e original survivorship values and computed the years
required for a 50% decline in the population.
To look at the effect that raven predation could have on tortoise populations, I decreased survivorship
levels of hatchlings and juveniles by 5-60% of the original survivorship value (79% and 85% respectively) and
computed the years required for a 50e%%d
decline in the population.
Clutch frequency of tortoises is correlated with the net production of annual herbs (Turner et al. 1986,

1987b, Fig. 2). To determine the effect of changes in clutch frequency on the model population, I assumed an
average clutch frequency of 1.57 clutches per female per year, the average number of clutches between 1980
and 1986 in the Ivanpah Valley and Goffs populations (Turner et al. 1987a). I then varied the clutch frequency
between 0.5 and 3.5 clutches per year to determine how many years would be required for a 50% decline or
increase in the population.
RESULTS AND DISCUSSION
Population Model
Total numbers of males and females in the population at starting time t can be expressed as:
Ntotu =

N t o t a l muss + N to t al tsmatss=

i=

1 79(Xr,mo ) + i = 1 79(Xt,f,l )

(3)

where i = age class of the tortoise, Xr.m. = number of males in age class i at time t, Xr,t. = number of females
in age class i at time t. T o estimate the number of male and female tortoises at time t + 1 , t h e total number
of hatchlings produced by reproductive females of different age classes and the number of tortoises surviving
within each age class are calculated as:
Nt t t, rota)muss =

Nt + t , r o t u t s mu«

1/2 [i = 1 79RRiXt,t,i] + i = 1 79SiXr,ms

= 1/2 [ ) =1 7 9 RR~Xr,t,t] + i

=

179SXr,t.r

(4)

(5)

where RR = recruitment rate or number of hatchlings produced by females of age i, S = probability that a tortoise
of age i will survive to time t + 1 . I a s s u med that males and females are present in equal numbers in the
population:
Nt+ t, totst tamuas =

Nt + t, t ats muss

and the equation simplifies to:
N t t , tora = i =

1 7 9 R R i X r ,t,r + i = 1 79SiXra

(7)

= (new hatchlings) + ( surviving tortoises)

To find a stable age distribution, I began with a tentative age distribution, survivorship values of Sh.t.he~
S~~ t = 95%, and recruitment rates of RRte.~4 = 3.718, RR~e-44 = 4.634, and RR4e
S t- . t . — 83'%%d,
5.793. The distribution stabilized at 52.7'%%d
tortoises ages 0-4 years, 16.1% ages 5-10 years, 7.5% ages

= 7 9%,
ttt =

-
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1 1-15 years, 3 .2 % a ges 1 6 -20 y ears, and 20 .4 % a ges 2 1-100 y ears. T h i s d i stribution is similar to t h e
hypothetical stable age distribution presentedby Turner and Berry (1985): 58%, 21.5%, 7%, 2.5%, and 10.7%,
respectively.

Adopting these survivorship and recruitment rates, which are average values measured or estimated
from natural tortoise populations, resulted in a population that declined at a constant rate. This decline is probably
not biologically meaningful, because the model is deterministic, meaning that it uses fixed variables derived from
average values observed in the field. Natural population dynamics are rarely this stable. Using a stochastic model
that accounts for random fluctuation around mean values more realistically reflects natural population dynamics.
The deterministic model, however, is appropriate for demonstrating how changes in population parameters alter

rates of population growth and decline.
Slightly increasing juvenile, and adult survivorship values to 0.85, and 0.976, respectively, creates a
stationary population, one that is stable in number because birth and death rates are equal. Creating a stationary
population is not necessary to study how changes in recruitment and survivorship rates alter rates of population
growth, but it allows these altered population growth rates to be more easily visualized.
Manipulations of the Model
Upper Respiratory Tract Disease
Slight reductions in adult and juvenile survivorship produced sharp decreases in tortoise population sizes:
a 5% decrease in juvenile and adult survivorship caused a 50% decline in 21 years (Fig. 3). When juvenile and
adult survivorship were reduced by 25%, hatchling production is near zero and the rate of population decline
becomes primarily dependent upon the longevity of hatchlings already present in the population (eight years).
In this case, longevity of hatchlings was short because the model assumes that hatchlings were susceptible to
the disease once they became juveniles.
At the DTNA in 1989, disease frequency was 35% in adult tortoises and 18% in juveniles (FaunaWest
1989b). The population model can be used to roughly estimate the rate of population decrease caused by the
disease at the DTNA. A s s uming that 1) all animals that contract the disease die by the next five year interval,
2) mortality caused by the disease is added to pre-existing survivorship rates (i.e., adult survivorship is reduced
by 35% and juvenile survivorship by 18%), 3) the rates of contracting the disease are constant and densityindependent, and 4) the conditions of the model approximate the desert tortoise population parameters in the
western Mojave Desert, tortoise numbers at the DTNA would decrease by 50% in eight years. A l t hough the
assumptions of this estimate clearly are not met (e.g., diseases are often density-dependent, females contracting
the disease probably do not continue to reproduce at normal rates), the model emphasizes the sudden impact
the upper respiratory disease could have on tortoise populations.
Increases in hatchling survival cannot compensate for the high mortality of juvenile and adult tortoises
caused by the disease. Increasing hatchling survivorship to 100% decreases the rate of decline only slightly
in the total population (50% declines in the total population occurred within 1 2 years rather than eight), and does
not alter the rate of decline in the adult population.
Raven Predation
Population responses to increases in raven predation were more gradual: 5% decreases in survivorship

of hatchlings and juvenile tortoises resulted in a 50% decline in 54 years (Fig. 4). When hatchling and juvenile
survivorship was reduced by 25%, only rarely did young tortoises reach reproductive maturity and the rate of
population decline was predominantly determined by the longevity of adult tortoises.

Information on actual rates of raven predation on juvenile tortoises was not available. Piles of tortoise
shells have been found under raven nests and perching sites throughout the Mojave desert have been cited as
evidence that rates are high (see Berry 1 985, BLM et al. 1 989, and USDI 1 990 for summary). The largest number
of tortoise shells found under a raven nest to date is 250 shells deposited over a four year period, or 63 tortoises
per year (USDI 1990). A few conservative assumptions can be made about raven foraging behavior and tortoise
density to estimate the impact this pair of nesting ravens may have on tortoise survivorship rates, If a territorial
pair of ravens forages over 11 mi' of habitat (territory size reported from Virginia, Hooper et al. 1975) in an area
where tortoise densities are 150 animals per mi' ( 1 650 t o rtoises in territory), and hatchlings and juvenile
tortoises comprise 86% of th e populations (1427 hatchlings and juveniles; hypothetical age structure from
Turner et al. 1987a), the 63 tortoises per year found under the raven nest would account for only 4.4% of annual
hatchling and juvenile mortality. The impact of this mortality on tortoise populations depends upon the mortality
rates of hatchlings and juveniles from other causes. If other factors, such as starvation or predation from other
species, already keep mortality close to levels that maintain tortoise population sizes (hatchlings at 21% and
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juveniles at 15%), then additional raven predation of 4.4% will cause population declines of 50% in roughly 60
Low Forage Density Caused by Grazing, Drought or ORVs
Population responses to changes in clutch frequency were the least sensitive: a 5% decrease in clutch

frequency produced a slight population decline l50% declines in 550 years), and a 25'%%d
decrease in clutch
frequency produced a 50% decline in 105 years IFig. 5). D eclines in the adult population lagged behind total
population responses because the adult population estimate did not include small tortoises.
s . Sm
m aII t rort
t o 'i se sha v e
'
i e n r at e s t han i n ad uI t s .
a ityratesand maintenanceof t heir numbersismoredependentuponrecruitment
g
e ween
an 1
6 in t h e Goffs and lvanpah Valley populations, clutch frequency varied between
1.1 and 1.89 clutches per year. The lowest clutch frequency occurred in 1988 when forage density at Goffs,

California declined to 0.006 g/m' and clutch frequency dropped to 0.8 clutches per female per year (Henen
utches per year, a 50%%d decline would require approximately 40 years IFig. 5).
A 50% increase in the total population with 1.89 clutches per year (the maximum currently measured)

would take approximately 100 years, and roughly 140 years would be needed to obtain a 50% increase in the
adult population only. Further measurements of clutch frequency in natural populations are needed to determine
the potential for growth or decline in natural populations.
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SUMMARY
The purpose of this paper was to present an exponential model that could be used to study the effects
that various human-associated activities may have on tortoise population growth. M a n ipulations showed that
the model tortoise population was most sensitive to factors that decreased the survivorship of older tortoises:
a 25% decrease in juvenile and adult survivorship caused by the upper respiratory tract disease produced a 50%
decline in eight years (Fig. 3), a 25% decrease in juvenile and hatchling survivorship produced by raven predation
caused a 50% decline in 22 years (Fig. 4) and a 25% decrease in clutch frequency associated with low-forage

conditions caused a 50% decline in 105 years (Fig. 5).
Population increases are ultimately dependent upon recruitment. In desert tortoises, recruitment rates
are low, the time to reach sexual maturity (15 years) is high, and population stability is dependent upon the ability
of adults to reproduce over many years. In animals with this life-history strategy, population declines resulting
from increased mortality of adults can be abrupt (e.g„ 5 0 % in eight years), but population recovery will require
much longer periods of time. For example, the tortoise population model predicted that tortoises would have
to lay at their highest observed clutch frequency (1.89 clutches per year) for 100 years in order for the population
t o increase by 50% .
I make the following cautionary comments about the accuracy and limits of this model:
1) The model is useful for demonstrating population response to changing parameters. The model should not
be used to estimate the size of natural populations (e.g., when tortoise numbers reach zero), because population
size is dependent upon the initial tortoise abundances that were chosen arbitrarily for the model.
2) The model does not account for density dependent variables and any changes in mortality or natality will lead
t o unchecked population explosions or extinctions. H o w e v er, the model will give rough estimations of th e
relative susceptibility of the population to different perturbations.
3) Th e m o del uses arithmetic means for survivorship and recruitment rates. U s in g arithmetic means may
overestimate the rate of change in the initial population because population growth is multiplicative. To remedy
this inaccuracy, either the geometric average of the population parameters should be used, survivorship and
recruitment values for each individual year should be used, or a stochastic element should be incorporated into
the model.
4) The model is deterministic and uses fixed variables. Thus, there is no allowance for stochastic variation
in survivorship or recruitment among years. Annual or random variation in survivorship, especially in the young
a ge classes and i n f e m ale r eproduction (Turner et a l . 1 9 8 6 , 1 9 8 7 a), i s e x p ected i n t h e d e s ert w h e r e
environmental variation is common. The direction and magnitude of changes in survivorship may play a key role
in determining tortoise population sizes.
5) Presently, the most detailed measurements of life-history values come from Goffs, California (Turner and Berry
1984b, Turner et al. 1987a). Life-history parameters in tortoise populations vary geographically over the species
range and accurate measurements of t hese parameters are needed to estimate the effects of t h e d isease,
predation, and forage reduction on tortoises throughout the Mojave and Colorado deserts.
6) The model simplifies tortoise population dynamics by using age categories for survivorship and recruitment
rates. This simplification can produce inaccurate results. For example, each five year age class of adult females

is multiplied by the survivorship rate and recruitment rate for five years, Thus, females within each five year
i nterval reproduce for five years even if their mortality occurred in the first four years of the interval. A s a
consequence, the model produces more hatchlings than would actually occur. This problem can be corrected

using weighted averages of survivorship and fecundities of each year in the five year age class.
7) ln the model, tortoises live up to 79 years. This value is higher than many estimates for wild populations.
I originally adopted a high value so that survivorship, rather than physiological limits, would determine longevity.
In the model, however, tortoises do reach the 75-79 year age interval. B ecause the model assumes that all
breeding females produce eggs until the end of their lives, the model may underestimate rates of decline.
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8) The model recognizes partial individuals. Partial individuals appear as a one if they are 0.5 or above, and
as a zero if they are 0.49 or below. Partial individuals and not integers are added to compute the total number
of tortoises.
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JUVENILE TORTOISES, PART I: THE MISSING LINK IN TORTOISE LIFE HISTORIES, A
CASE STUDY FOR THE BOLSON TORTOISE IGOPHERUS FLAVOMA R G I NA TUS)
David J. Morafka, Judy Tom, Gustavo Aguirre and Gary A. Adest

Abstract. North American tortoise life histories are largely deficient in regard to those most vulnerable
components, nests, neonates, and juveniles. T o r t o ises pursue a " bet h edging" st rategy of i n vesting low
percentage of their available energy in a small clutch (average clutch size = 5) of large, thick-shelled eggs.

Individual egg volumes are 400% of those similar-sized emydids and egg shell accounts for as much as 20%
of the total egg mass. Large residual yolk supplies may provide the neonates with the option of fall or spring
emergence. Released neonate bolson tortoises (Gopherus flavomarginatus) have been radio transmitter tracked
since 1987. F irst-year home paths generally fall within 10 x 40 m, but fidelity to a specific path is low (up to
six moves per year). Second-year home ranges are more stable. Of first-year burrows, 67% are self-excavated,
and 80% are sequestered in dense vegetation. M o re than half of foraging is conducted in the morning and in
open sites where lower, more palatable vegetation is accessible. Forage content is typically 16% protein, double
the concentration averaged from adult diets.
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H EALTH PROFILES OF WILD DESERT TORTO ISES IN THE WES T ERN AN D E A S T E R N

MOJAVE DESERT
Kenneth A. Nagy
Abstract. Fifty-six desert tortoises (Gopherus agassizii) (up to ten adult males and ten adult females at
each of three sites: Desert Tortoise Natural Area [DTNA], Goffs, and(vanpah) were fitted with radio transmitters
in the spring 1989, and captured in May, July, October of 1989 and in March of 1990 for sampling of blood,
urine, and feces, along with nasal and cloacal swabs, in order to establish normal clinical profiles for healthy wild
tortoises. C are was taken to select tortoises that appeared healthy in the field. U p t o 7 3 d i fferent kinds of
measurements were made on the samples taken from any one individual in one season. W ild tortoises have
clinical profiles that may differ substantially from those of healthy captive tortoises. Many wild tortoises sampled
in spring had profiles resembling those of captive tortoises undergoing nutritional stress. L a rge differences
between study areas were evident, with DTNA tortoises experiencing the most stress, and lvanpah residents
experiencing the least. All three populations appeared to reflect increasing stress as the seasons progressed.
Appreciable seasonal and year-to-year "stress" is probably normal for wild desert tortoises. 1 9 8 9 wa s not a
good year for tortoises due to low rainfall and low or nonexistent annual plant (forb) germination and growth,
but drought years are characteristic of the Mojave Desert. Normal values for clinical profiles for wild tortoises
should probably be defined by ranges rather than by means. Profiles for tortoises experiencing a good year should
be measured.
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COMPARATIVE PHYSIOLOGICAL ECOLOGY OF MOJAVE POPULATIONS OF THE
DESERT TORTOISE: PRELIMINARY RESULTS
Charles C. Peterson
Abstract. Physiological ecology of desert tortoises (Gopherus agassizli) was studied in the field beginning
in May 1989 at the Desert Tortoise Natural Area (West Mojave) and lvanpah Valley (East Mojave). Measurements
included movements (radio telemetry), body masses, water flux and field metabolic rates (doubly-labeled water),
and plasma and urine concentrations of sodium, potassium, chloride, and total osmolytes. I p r e sent some
preliminary results of this ongoing study. 1989 was an extremely dry year throughout the Mojave Desert; scanty
rainfall in the winter of 198 8 /89 resulted in almost no spring annual plants, and many perennial shrubs failed
to produce leaves. Summer thunderstorms in the East Mojave were also scanty, and most tortoises in both the
East and West Mojave were not able to drink after May. All tortoises studied lost appreciable body mass over
the year (as much as 25% of maximum body mass), and concentrations of sodium and other osmolytes in blood

plasma increased steadily over the year.
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RESULTS OF THE 1989 PILOT RAVEN CONTROL PROGRAM
Ted Rado
Abstract. A program to selectively control common ravens (Corvus corax) in portions
o f the California deserts was implemented between April 1989 and November 1989 . T h e
program was d eveloped in response to excessive predation by r avens on j uvenile desert
tortoises (Gopherus agassizit). Th e o b jective of the program was to b o ost desert tortoise
recruitment rates (e.g., the survival of juvenile desert tortoises to maturity) in selected areas
by controlling raven predation by lethal and nonlethal means. R a vens were killed using a
combination of shooting and poisoning with the avicide Starlicide. Approximately 6-10 ravens
were killed at the Desert Tortoise Natural Area using poison only. No action was taken at raven
nesting an d p e r ching s i tes n ea r N e edles, a s i t e o r i ginally selected f o r r a ve n c o n t rol.
Approximately 100-110 ravens were killed at the U.S. Marine Corps Air Ground Combat Center
at Twentynine Palms using a combination of shooting and poisoning.
INTRODUCTION

ln 1988 and 1989, the U.S. Bureau of Land Management (BLM), U.S. Fish and Wildlife Service (USFWS),
and California Department of Fish and Game (CDFG) developed a pilot program to selectively reduce common
raven (Corvus corax) populations in the California Desert Conservation Area in response to excessive predation
by ravens on juvenile desert tortoises. The objectives of this program were to: 1) determine effectiveness of
raven control using several methods; and 2) evaluate changes in tortoise recruitment rates between areas subject

to raven control and areas unaffected by control.
The program focused on four areas: the Desert Tortoise Natural Area (DTNA) in the western Mojave
Desert (Kern County); several raven nesting sites in the Chemehuevi Valley, Piute Valley, and Ward Valley near
Needles (San Bernardino County); and a l a ndfill at th e U .S . M a rine Corps Air G round Combat Center at
Twentynine Palms (MCAGCC) in the central Mojave Desert (San Bernardino County). Sites were selected for

the following reasons: 1) presence of dead juvenile desert tortoises showing characteristic signs of raven
predation; 2) location within an area where raven predation is apparently resulting in serious declines in
recruitment rates of juvenile tortoises into subadult and adult age-classes; 3) proximity to established and
previously monitored desert tortoise study plots; and 4) availability of volunteers to undertake monitoring. A
listing of control sites is provided in Table 1.

Table 1. Locations of raven control sites, Mojave Desert, California, 1988-1989.
Le al descr' t ion

~iy nahum

T~ eef site

T31S R38E S13, 17, 18, 19, 23, 24, 35, 36;

DTNA

raven perching,

T 32S R38E S1, 2, 3, 4, 5, 8 , 9 , 10 , 11 , 1 2 ,
1 4, 15, 16, 17 , 18 , 19 , 20 , 21 , 22 , 23 , 2 4 ,

nesting

26, 27, 28, 29, 30, 31, 32, 33, 34;
T33S R38E S4, 6
T7N R22E S31

Chemehuew Valley

nesting

T8N R19E S22

Ward Valley

nesting

T11N R20E S3

Piute Valley

nesting

T2N R9E S9

MCAGCC

landfill
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METHODS
An Environmental Assessment (EA) outlining the proposed pilot program was developed in November
and December 1988 by representatives of the BLM, USFWS, and CDFG. A p ermit to kill up to 1,500 ravens
using methods described in the EA was issued by the USFWS on 3 April 1989. U n der the terms of the permit,
raven control actions would be undertaken by representatives of the U.S. Department of Agriculture, Animal
Damage Control Office (ADC).
The sources of data for sites where ravens preyed upon juvenile desert tortoises included published
literature (Campbell 1983; Berry 1985; Berry et al. 1986a, 1986b, 1987), field notes from BLM area biologists,
and discussions with other biologists. In the western Mojave Desert, these data sources were supplemented
with inspections of the DTNA perimeter fence and checks of several fence lines, powerline lines in the vicinity
of Kramer Junction, Joshua trees, and other potential raven nesting and roosting sites by a BLM biologist.
Volunteers conducted additional surveys for raven sites in the DTNA during April-May. Data on raven predation
rates in the northern Colorado Desert was supplemented by inventories of power lines and raven nesting sites

during April- M ay.
Pre-control monitoring was initiated on 18 April 1989 at the MCAGCC; on 26 April 1989 in the Needles
area; and on 27 April 1989 at the DTNA. V o lunteers and agency representatives monitored sites proposed for
raven control for three separate periods of three or more hours to count ravens. M o n itoring was undertaken

to determine movement patterns and behavior of ravens, determine risk exposure of poisoned baits to other
species of wildlife in the area, and provide "baseline" information through counts of ravens to partially gauge
effectiveness of control. A t o tal of 19 people participated in the pre-control monitoring effort at 17 separate
locations at the DTNA. Tw o individuals participated in each of the pre-control monitoring efforts in the vicinity
of Needles (three sites) and at the MCAGCC. Pre-control monitoring information is summarized in Table 2.

Killing of ravens began on May 19, 1989, and was concluded on the morning of 25 May 1989 when
a temporary restraining order from the U.S. District Court in Washington, D.C. was instituted. Killing of ravens
was accomplished using a combination of shooting and selective poisoning with the avicide "Starlicide" (DRC1339). The protocol for poisoning consisted of initial construction and placement of elevated bait boxes, prebaiting at these sites with untreated hard-boiled eggs to test acceptance by ravens and risk to other non-target
wildlife species, placement of poisoned hard-boiled eggs in elevated boxes, and collection of carcasses.
Bait boxes specifically constructed for the program consisted of a wooden box 1-foot square (0.1 m')
and two inches (5 cm) deep, attached to a 4 inch x 4 inch (10 cm x 10 cm) post at least 4.5 feet (1.4 m) high.
Approximately 1 inch (2.5 cm) of dirt was placed in the box. During poisoning, hard-boiled eggs were secured
to the floor of the box by inserting a heavy gauge wire through the eggs that was then nailed to the inside edges
of the box. The poison Starlicide (DRC-1339) was injected into hard-boiled eggs at a concentration of 1 milliliter
of a 10% solution of a 98% concentrate. This is approximately equivalent to eight lethal doses for a raven per
treated egg. During pre-baiting, three untreated eggs were placed in each box. During actual poisoning, no more
than two eggs were used at each box.
The protocol for shooting consisted of selectively identifying and killing birds using a high-powered rifle.
Shooting was entirely confined to individual ravens at the MCAGCC landfill. Raven control was initiated at two
of the three target areas: the DTNA and MCAGCC.
Measures to p r otect ot her species of w i l dlife present in each area during raven reduction actions
included: 1) use of Starlicide during daylight hours only to prevent exposure to nocturnal wildlife species; 2)
placement of hard-boiled eggs with Starlicide in elevated bait boxes to limit accessibility to terrestrial species;
3) wiring of hard-boiled eggs to boxes to restrict ability of ravens to move and "cache" eggs on the ground; 4)
monitoring at treatment sites to obtain baseline information and to determine use of each site by non-target
wildlife species; 5) monitoring of treatment sites during poisoning actions; and 6) implementation of control
actions using ADC employees only. Several mitigation measures originally proposed were modified as a result
of ongoing discussions between the Humane Society of the United States and the BLM during April and IVfay
1989.
Pre-baiting wa s initiated on 16 May 1989 and concluded on 23 May 19 89 . P o st-control m o n itoring
was initiated on 25 May 1989 and concluded on 16 August 1989. Post-control m o nitoring is summarized in
Table 3.

RESULTS
An estimated 100-110 individual ravens were killed over a four day period at the MCAGCC. Between

6-10 ravens were killed over a one day period at the DTNA. Activities associated with the killing of these birds
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Table 2. Su m m ary of pre-control monitoring activities, California Desert Conservation Area, 1989.
Lo t i

n / D a t es

N m er

f

I

MCAGCC
18 Apr
19 Apr
20 Apr

7.5
7.5
7.0

Ward Valley
26 Apr
27 Apr
16 May

3.0
3.0
3.0

Chemehuevi Valley
26 Apr
4 May
16 May

20
130
130

3.0
3.0
3.0

Piute Valley
27 Apr
4 May
12 May

3.0
3.0
3.0

DTNA
28 Apr
1 May

9.0

9.0

2 May

12.0
21.5

4 May
17 May
18 May
24 May

26,5
23. 5
18.5

Table 3, Su m m ary of post-control raven monitoring, California Desert Conservation Area, 1989.
Location/Dates

N mber of

eo I

Number of hours

DTNA
25 May

Number of ravens

21.0
8.5
6.0
17.5

26 May
27 May
22 Jun
MCAGCC

31 May
1 Jun
2 Jun
5 Jun
6 Jun

7.5
7.5
7.5
7.5
7.5

7 Jun

7.5

6

8 Jun
9 Jun
14 Aug
15 Aug
16 Aug

7.5
7.5
7.5
7.5
7.5

27
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11
12

0
9
12

20
125-150
1 25-1 50

125-150

(including monitoring) were undertaken using a combined field force consisting of three BLM employees, one
USFWS biologist, four ADC staff, one CDFG biologist, three MCAGCC staff, and 1 5 volunteers. Additional staff
from these agencies were involved with administrative support.
No dead birds were found at the DTNA. T h e estimated number of ravens killed was derived from a
decrease in the numbers of individual birds observed immediately following poisoning (see Tables 2 and 3). A
total of 96 raven carcasses was recovered at the MCAGCC (78 poisoned and 18 shot birds) during 21-25 May
1989. T w e nty-three raven carcasses were frozen, and the rest were buried at the landfill. Three of the frozen
raven carcasses were provided to ADC for analysis. The 20 remaining birds were taken for permanent storage
to the Los Angeles County Museum. In searches of the landfill and surrounding area totalling over 50 personhours, no other dead animals were discovered.
Ravens observed per person-hour of effort dropped substantially between pre-monitoring and postmonitoring at the DTNA. Initially, ravens observed per person-hour of effort at the MCAGCC dropped from 12
during pre-monitoring, to 1.6 immediately following poisoning and shooting. H o w e v er, the number of birds
observed per person-hour of monitoring subsequently climbed to 18 by mid-August. There are several possible
reasons for this: individual birds using landfills may be highly mobile and "wander" over a large area; the control
was undertaken during a period of time when many ravens that utilize the landfill were dispersed because of
nesting or other factors; and/or removal of the initial bird "population" may have created a vacuum readily

exploited by juvenile or displaced ravens from other areas.
Post-control monitoring documented few birds widely dispersed over a large portion of the DTNA and
surrounding lands. Ravens were typically observed either singly or in pairs. Biologists working on a tortoise
plot study at the southern end of the DTNA typically observed low numbers of ravens that regularly foraged at
the site (T. Shields, G. Goodlett, S. Boland, pers. comm., 1989),
Only ravens were observed feeding on the eggs. U ntreated hard-boiled eggs were quickly consumed
by ravens. Bait acceptance and feeding behavior of ravens at bait boxes consisted of: initial circling of the bait
box by one or more birds; landing immediately adjacent to the box; landing on the box; and feeding. No other
wildlife species were observed coming into contact with the eggs. Examination of the ground beneath these
elevated bait boxes revealed no egg fragments. No other wildlife species were observed at the bait boxes. During
monitoring on 19 May 1989, two coyotes were observed in the landfill, apparently searching for exposed trash.
Both animals ignored the platforms, and showed no interest in either the ravens feeding at bait boxes or the boxes
themselves.
Ravens regularly used sites in the northern Colorado Desert targeted for raven control efforts. T h ese
birds were consistently observed during pre-control monitoring. Observers also recovered several freshly killed
juvenile desert tortoises (J. Raley, pers. comm., 1989). O nset of the control program was delayed as a result
of court action. Ravens targeted for control efforts became substantially more erratic in behavior during this
time (J. Raley, pers. comm., 1989), reducing opportunities for control.
DISCUSSION
Raven control was undertaken over a five day period at the MCAGCC landfill. During this time, observed
numbers of ravens were significantly reduced as a result of raven control efforts. Control efforts were severely
restricted at the DTNA as a result of court action. No control activities were conducted at three proposed sites
in the northern Colorado Desert. A t o tal of 106-120 ravens was killed out of a projected minimum number of
210 birds expected to be using the landfill at the time of poisoning. An authorized 1,500 ravens could have been
poisoned and/or shot under the Federal permit issued by the USFWS.
Although applied in a limited fashion, data indicate that raven control substantially reduced the number
of ravens at both the DTNA and MCAGCC (Tables 2 and 3). A l t h o ugh low numbers of ravens were killed at
the DTNA as a result of program activities, this limited reduction may still enhance desert tortoise recruitment
rates. These individual birds, although few in number, may have collectively been responsible for the loss of
a substantial number of juvenile tortoises. E f f ectiveness of limited raven control at the DTNA can be best
evaluated by ongoing monitoring at two study plots (the "interior" plot and the "interpretive center" plot).
M onitoring data show t hat m u ltiple visits to count birds at s ites prior to o n set of c o n t rol may be

unwarranted. Personnel could be more efficiently utilized conducting counts of birds at a greater number of sites
for a shorter period of time. Repeatedly visiting sites for bird counts consumes agency personnel and volunteers
that are in critically short supply.
Study results indicate that Starlicide-treated baits are an effective method of killing ravens. R avens
readily consume poisoned eggs. Ravens almost immediately located and ate the treated eggs. The opportunity
for contact with baits by other species was minimal. Contact, or even interest, in the bait by other wildlife species
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during program monitoring was never observed. Caching of treated eggs by ravens was restricted by wiring
eggs to the raised boxes. The bait boxes are inexpensive and easy to build. No evidence of egg caching was
observed.

The delayed time period between ingestion of poisoned bait and death also increases the opportunity
to continue to kill remaining birds using the area over a period of successive days. Under certain circumstances
where behavior patterns of groups of birds can be established, such as at landfills, a significant number of birds

may be locatedand removed.
Management Recommendations
The following actions are recommended to enhance future raven control measures in California deserts:
1. S u p plemental data should be collected on the v ulnerability of n o n-target wi ldlife species to Starlicide:
Information obtained from this pilot program shows low risk to non-target wildlife species. The monitoring effort
was labor-intensive and required large numbers of personnel at each bait site, Monitoring at pre-selected sites
using unpoisoned hard-boiled eggs should be continued during the spring of 1990. If results indicate that other
wildlife species do not show an interest in this food source, current monitoring practices should be reduced
substantially.
2. The number of individual control stations per area and monitoring time per station can be reduced without
decreasing raven kill rates: Monitoring at the DTNA shows that few ravens inhabiting a large area quickly locate
and consume eggs at widely spaced locations (0.5-1.0 miles [0.8-1.6 km] apart). I n itial program monitoring
consisted of three or more replicate periods per station. Subsequent visits to each site after the initial monitoring
did not substantially increase the information relating to raven use in the area (as determined by counts on-site)

or exposure risk to other wildlife species (which were never documented throughout the program at any site),
3. A d ditional information is required on the biology of the common raven in the California deserts: S pecific
information pertaining to movement patterns, feeding behavior, and other aspects of life history is needed.
Studies can be designed that monitor ravens initially captured at landfills within desert tortoise habitats, ravens
captured at nesting sites within tortoise habitats, and juvenile ravens captured from nests where parent birds
are documented predators on juvenile desert tortoises. S t udy design should attempt to answer such basic
questions as the following: Do parent birds teach offspring to selectively hunt for tortoises? Do the same ravens
return to individual nests over a period of successive years? How large is the area over which ravens forage
for food?
4. Nonlethal forms of raven control require additional review and higher priority for use: Several raven control
measures of a n o nlethal nature should be experimentally applied and monitored. T h ese measures include
modification of refuse containment practices at one or more landfills where raven populations are high in an

attempt to reduce food availability, experimental application of anti-perching wire at fence lines or other preselected sites where raven perching is "chronic," experimental attempts at landfills or other raven "concentration"
points to live-trap birds for release in other areas, monitoring movements of released birds at such sites, and
modification of raven feeding behavior. Where proven effective, these methods should be used regionally. The
cooperative effort conducted during the fall of 1989 between BLM, the Humane Society of the United States,

Nixalite of America, Patented Products, and a volunteer force to place anti-perch wire along the DTNA was a
significant initial step toward evaluating such nonlethal methods of raven control.

5. Future monitoring efforts should emphasize agency/contract employees: The current program design presupposed the availability of a large force of volunteers to collect baseline data and conduct pre- and post-control
monitoring. A s m a l l " c o re " o f v o l u nteers actually did th e b ulk o f m o n itoring actions. A s s i s tance from
conservation groups associated wi th, the desert tortoise was largely lacking. A d d i t ional program agency
personnel or contract employees should be utilized in this capacity for future program efforts. V o lunteers can
be utilized in part to supplement this co))ection effort. Volunteers can ago be more effectively utilized to collect

initial data on location of raven nests and perching sites where tortoise remains are present.
6. Future raven control efforts should be more closely coordinated w'ith those of other states: T h e current
program was focused in California. Raven predation rates on juvenile desert tortoises may also be excessive
in portions of Nevada and Arizona. Ravens that prey on desert tortoises in the eastern Mojave Desert or Colorado
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Desert of California may nest and forage in adjacent states. Ravens have been regularly observed flying into
California from Arizona by program volunteers (J. Raley, pers. comm., 1989). M a nagement of ravens on any
regional basis will require coordination among states, "pooling" of p e rsonnel and f u nding resources, and
standardization of control measures and monitoring between agencies.
7. Other agency contributions for raven management and control need to be more clearly defined: The current
control effort w a s u n d ertaken almost e xclusively by B LM , U . S . M a rine Corps, and U .S . D e partment of
Agriculture. C DFG and USFWS provided initial assistance toward preparation of the project EA but limited
monitoring help. Future raven control efforts will require substantially higher levels of support from these wildlife
agencies. To ensure agency assistance and to clarify roles and responsibilities, detailed cooperative agreements
among all program agencies should be developed and signed prior to onset of control efforts.
8. Funding for monitoring constituent tortoise populations in the DTNA and at the MCAGCC should receive a
high priority: Raven control efforts, while limited in scope and effect, require evaluation. M o nitoring of desert
tortoise populations at two study plots within the raven control area at the DTNA and two plots proximate to
the MCAGCC landfill should be undertaken during the next 2-3 years. Emphasis should be placed on determining
age-class structure of tortoises on each plot and causes of tortoise mortality.
9. Followup raven control at original sites is essential: The current program efforts were substantially impaired
by delays associated with threatened court action. Significantly fewer ravens than estimated (30-50% of those
estimated at the DTNA, 67-73% at the landfill, and 0% in remaining areas) were killed. Followup control at these
s ites is required to determine the effectiveness of selected raven control efforts as a management "tool" for
boosting desert tortoise recruitment rates.
10. Development of a regional raven management plan should receive a high priority: A r a ven management
p lan should be developed that explores and outlines measures provided as recommended in this paper. T h e
management plan should provide the framework for future raven control measures designed to protect the desert
tortoise. BLM is currently undertaking the "lead" agency role towards this effort.
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A MODEL FOR SPECIES CONSERVATION: SEA TURTLES IN OMAN
James Perran Ross
Abstract. Successful conservation of species impacted by people requires the support and participation
of the people who will be affected by conservation action. M o bilizing that support is as important as the more
usual activities of investigating the biology of organisms and developing regulations and laws . S u c c essful
mobilization of people requires research into their real needs and perceptions and an approach that is culturally
sensitive and no t e c o n omically punitive. T h e s e t r u ths ar e b e coming w i d ely r e cognized in i n t ernational
conservation where cultural sensitivity and economic equity have become the new slogan of conservation, best
articulated in the World Conservation Strategy. Unfortunately these considerations seem to be rarely addressed
by conservationists within the urbanized United States. For some reason we expect Amazonian Indians to require
cultural sensitivity and economic justice but fail to recognize that plumbers and homemakers and, yes, even real
estate developers have similar needs if their support for conservation is to be recruited. In the Sultanate of Oman
(Arabia) a program of conservation of sea turtles has been developed based on the continuation of a traditional
fishery for green turtles. W h ile this approach at first may seem counterproductive- saving turtles by eating
them'?--the program has le d t o a l o n g -term c o mmitment o f t u r tle m a nagement and a n e f f e ctive, locally
implemented conservation plan. The background factors of history and culture and the field activities that led
to the adoption of this approach are examined and the development of the project over 12 years described. Sea
turtle conservation in Oman provides a valuable demonstration of the importance of cultural and social dynamics
in conservation action. Conservation of the desert tortoise (Gopherus agassizii I already involves a diverse group
of people who may oppose regulatory action because they perceive their own self-interest to be threatened,
Developers, hopeful homeowners, ORV users, urban planners and regulators, and recent immigrants from
Hispanic or Asian communities with a tradition of eating tortoises all need to be recruited to the tortoise's cause.
Conservation has a better chance of success if the lessons from the international arena can be applied.
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ARIZONA STATE REPORT: THE ARIZONA GAME AND FISH DEPARTMENT
Cecil R. Schwalbe and Terry B. Johnson
Abstract. The Arizona Game and Fish Department (AGFD), U.S. Fish and Wildlife Service (FWS), U.S.
Bureau of Land Management (BLM) and Utah Division of Wildlife Resources jointly funded a study to compare
the physiological condition of desert tortoises (Gopherus agassizii) from various habitats. The AGFD met with
other individuals and agencies at the Desert Tortoise Natural Area, in Ridgecrest, California, and in Las Vegas,
Nevada to discuss the tortoise upper respiratory disease syndrome. AGFD participated in the North American
Desert Tortoise Think Tank sponsored by FWS in Ft. Collins, Colorado. T h e d raft A r izona Desert Tortoise
Management Plan was completed by the Arizona Interagency Desert Tortoise Team (AIDTT) and circulated for
public comment. In order to facilitate the exchange of resources among participating agencies, a draft master
Memorandum of Understanding for management of the desert tortoise and its habitats in Arizona was drafted
for review and approval by AIDTT participating agencies. BLM and AGFD personnel made an aerial survey of
tortoise habitat in southwestern Arizona. Eight desert tortoise research, management and listing proposals, and

reports were evaluated.
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PASTEURELLA TESTUDII(IIS IN DESERT TORTOISES
Kurt P. Snipes and Rick W. Kasten
Abstract. The bacterium Pasteurella testudinis has been isolated from captive desert tortoises (Gopherus
agassizii)I displaying signs of respiratory disease, from healthy captive tortoises, and from free-ranging and ill
tortoises in the desert. The sources of isolates from clinically ill tortoises have included nasal exudate, tracheal
washes, pneumonic lung and stomatitic lesions, as well as oral and cloacal swabs. Experimental exposure of
healthy tortoises to P. testudinis has produced equivocal results, but in some cases respiratory disease has
developed in previously healthy animals. P. testudinis appears to be a commensal inhabitant of desert tortoises,
potentially pathogenic under the right conditions (e.g., mixed infection).
In the past, P. testudinis has been characterized in the laboratory by a number of traditional techniques,
such as s erologic an d b i ochemical.
I he t r a d itional approaches have no t b ee n s u f f icient t o a d e quately
d ifferentiate strains fo r e p i demiologic st udies. R e c e ntly, w e h a v e d e v eloped m o lecular t e chniques fo r
characterizing or fingerprinting members of the genus Pasteurella, and these techniques have been observed to
work with P. testudinis. In an initial group of 11 isolates studied, nine from healthy and ill tortoises in 1987 and
two from ill captive tortoises in 1989, eight completely different DNA fingerprints were observed. C o m mon
fingerprints were noted for two isolates obtained from different healthy wild tortoises in 1987 and two isolates
obtained from ill captive tortoises in 1989 . T w o d i ff erent isolates (strains?) were cultured from the same ill
tortoise (nasal exudate, oral swab) in 1987. DNA fingerprinting appears to be a useful tool for comparing isolates
of P. testudinis, and has applications for studying the epidemiology and pathogenesis of the bacterium.
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RELOCATION OF DESERT TORTOISES AS A MITIGATION TOOL: A STUDY TO TEST ITS
FEASIBILITY
Michael Weinstein

Abstract. A r esearch project is currently underway in the Desert Tortoise Natural Area to study the
effects of relocation on both relocated and host populations of desert tortoises (Gopherus agassiziI). A 1 m i '
(2.6 km~) area has been fenced and subdivided into four study plots. Tw o of the plots have been irrigated to
enhance food and water availability while two have not. Approximately 60-80 tortoises from a nearby area will
be relocated, half into one of the irrigated plots, half into one of the non-irrigated plots. T h e other two plots
will act as controls for relocation and irrigation effects. All tortoises from both areas will be inspected for Upper
Respiratory Disease Syndrome (URDS) symptoms prior to the relocation, and all symptomatic tortoises wilt be
eliminated from the study . A l l r elocated tortoises and 80 host population tortoises will be fitted w ith radio
telemeters. Each telemetered tortoises will be revisited twice per month from March through June and once
per month from July through October for a three year period. B l ood and nasal cultures will be made on 60
tortoises three times per year for three years. Changes in weight, growth rate, behavior, and surviva I will be
monitored in both irrigated and non-irrigated plots. St atistical analyses will compare both host and relocated
populations in b ot h i r r igated and n o n-irrigated plots . A g e a n d s e x ual differences w ill also b e e x p lored.
Correlations between external URDS symptoms and blood chemistry will be made, and seasonal variation in
external symptoms will be noted. Th e effects of relocation on raven predation rates will also be monitored.
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ESTIMATED DENSITY AND DISTRIBUTION OF THE DESERT TORTOISE AT FORT IRWIN,
NATIONAL TRAINING CENTER AND GOLDSTONE SPACE COMMUNICATIONS COMPLEX
A. Peter Woodman, Stephen M. Juarez, Eugene D. Humphreys, Karen Kirtland and
Lawrence F. LaPre
Abstract. T wo h u n d red fifty-five 1 . 5 -mile-long (2.4 k m) s t r ip-transects we re w a l ked at F o rt I r w i n
National Training Center (NTC) and Goldstone Space Communications Complex (Goldstone) with the purpose
of estimating the density and distribution of the desert tortoise (Gopherus agassizl'I')during the early 1980s. A
survey of military use on the 800 mi* (1280 km*) study site was also conducted to ascertain what impacts are
occurring and potential effects on the desert tortoise. About 10% of the study site (both the NTC and Goldstone)
had estimated densities of 20-250 tortoises/mi' (8-98/km'). Major tortoise concentrations were located in two
regions, one near the southern border and one near the center of the NTC. Both populations were believed to
have approximately 35 mi' (90 km') of contiguous habitat with estimated densities of more than 20 tortoise per
mi' (8/km') . B o t h c o n centrations were determined to have very small "core" areas w here densities were
estimated to be greater than 50 tortoises/mi' (20/km') . A n i n verse relationship between tortoise density and
measured degree of impact was found. The impacts judged to be of primary concern were due to military offroad vehicles (MORV) and activities along roadways. About one-quarter (26%) of the strip-transects were found
to have more than 200 sets of MORV tracks, and nearly one-half (44%) were found to have 50-200 sets of MORV
tracks.
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U PPER RESPIRATOR Y T R A C T DISEASE AND HIGH A D U LT DE AT H R A T E S IN WE S T E R N

MOJAVE TORTOISE POPULATIONS, 1989-1990
Harold W. Avery and Kristin H. Berry
Abstract. T he B u reau of L a nd M a n agement conducted population surveys in 1 9 8 9 a n d 1 9 9 0 t o
determine the incidence of Upper Respiratory Tract Disease (URTD) and mortality rates of desert tortoises
(Gopherus agassizii) in the Fremont Valley and Desert Tortoise Natural Area (DTNA), western Mojave Desert.
In 1989 the Interpretive Center Plot at the DTNA was surveyed using the standard 60 day spring survey method.
Special disease surveys were also conducted in the spring at the DTNA Interior Plot, the "Honda" site at the DTNA
(Section 8), and Fremont Valley Plot. S i x h u ndred eighty-four tortoises were sampled from the DTNA and
Fremont Valley plots in 1989. In 1990 special disease surveys were conducted at all sites (excluding the Honda
Plot). Ninety-three live tortoises and 142 carcasses were registered during these disease surveys. M o r t ality
rates of adult tortoises were determined between 1989 and 1990 at the DTNA, based on the proportion of live
tortoises marked in 1989 and found dead in 1990. A d ult mortality rates ranged from 26% (Interpretive Center
Plot) to 38% (Interior Plot). Mortality rates were consistent with the loss rates of telemetered tortoises monitored
b y Dr. Ken Nagy and Charles Peterson at the DTNA over the same time period (approximately 40 %) . T o
determine the effects of URDT on mortality rates of tortoise populations, mortality rates of "ill" tortoises (i.e.,
exhibiting signs of URTD) were compared to mortality rates of "healthy" tortoises (i.e., having no observable
signs of URTD) from spring of 1989 to spring of 1990. At the DTNA, mortality rates for healthy tortoises ranged
from 17% (Honda Plot) to 50% (Interior Plot). Mortality rates of ill tortoises ranged from 22% (interpretive Center
Plot) to 42% (Interior Plot). Mortality rates of ill and healthy tortoises were not statistically different at the DTNA
(X' = 1 . 14 , P = 0 . 2 3 , n = 3 0 9 ) . A t Fremont Valley, the mortality rate of healthy tortoises was 0%, whereas
the mortality rate of ill tortoises was 14% . A g a in, mortality rates were not statistically different (X' = 1.37,
P = 0 . 2 4 , n = 16). S i milar mortality rates between ill and healthy tortoises suggest that: 1) the presence of
URTD may not always be detectable from observed signs, and/or; 2) mortality rates of western Mojave Desert
tortoises are significantly influenced by factors in addition to URTD.
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STATUS OF DESERT TORTOISE POPULATIONS IN CALIFORNIA: THE 1990 DATA SET
Kristin H. Berry
Abstract. During 1990, the Bureau of Land Management (BLM) supported research on: 1) health profiles
of desert tortoises (Gopherus agassizii) at the Desert Tortoise Natural Area, Ivanpah Valley, and Goffs through
contracts with Dr. Ken Nagy at the University of California at Los Angeles and APL Veterinary Laboratory in Las
Vegas; and 2) shell disease and causes of death in ill and moribund tortoises (Dr. Elliott Jacobson, University

of Florida). Data were also collected on distribution and frequency of tortoises showing signs of upper respiratory
tract disease and shell disease at 28 sites throughout the desert. In addition, the BLM monitored the status of
populations at five permanent study plots, each of which was established between 1977 and 1980. The status

of populations varies within and between regions. Populations in the western Mojave Desert continue to show
evidence of decline and high mortality rates, especially among subadult and adult tortoises. A t t h e Desert
Tortoise Natural Area and Fremont Valley, between 26% and 38% of marked subadult and adult tortoises died
between 1989 and 19 90 . S o ut h of Barstow, at study plots in the Lucerne and Johnson valleys, declines in
densities were statistically slgnlf(cant. P o pulations in the eastern Mojave Desert at the lvanpah and Fenner
(Goffs) valleys show differing results, depending on the source of the data. W hile data from the health profile

research program indicate that adult death rates were 35% to 50% between 1989 and 1990, data from the
permanent study plots do not show th e high rates of loss. I n t h e southern Colorado Desert, data from the
permanent study plot on the Chuckwalla Bench indicate that loss rates of adults and subadults may have been
substantially lower between 1988 and 1990 than between 1982 and 1988.
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DISTRIBUTION OF SHELL DISEASE/NECROSIS IN TORTOISE POPULATIONS ON THE
CHUCKWALLA BENCH AND ELSEWHERE IN CALIFORNIA
Kristin H. Berry and Harold W. Avery
Abstract. In 1977 the Bureau of Land Management (BLM) established a permanent study plot for the
desert tortoise (Gopherus agassizil') on the Chuckwalla Bench, Riverside County, California. The plot has been
surveyed with standardized 60 day spring surveys in 1979, 1982, 1988, and 1990. Between 1982 and 1988,
the population experienced significant declines in densities and high mortality rates. The declines appeared to
be associated with a shell disease. Many tortoises which were marked and photographed in 1979 and 1982
showed few, if any, obvious signs of shell disease. However, when the same tortoises were recaptured in 1988

and 1990. signs of shell disease were evident. In 1990, the BLM collected data on shell diseases in desert
tortoises at five sites in the western Mojave Desert, two sites in the eastern Mojave Desert, 12 sites in the
northeastern Colorado Desert, and nine sites in the southern Colorado Desert on the Chuckwalla Bench. Almost
900 live tortoises were examined and photographed, and data were recorded on potential diseases to the shells.
IVlost sites have tortoises with signs of shell disease, but the percentage of tortoises showing signs of disease
varied from site to site (0 to 71 'k). Populations in the eastern Mojave and southern Colorado deserts have higher
rates than elsewhere.
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METHODS FOR MEASURING THE EFFECTIVENESS OF TORTOISE-PROOF FENCES AND
CULVERTS ALONG HIGHWAY 58, CALIFORNIA
William I. Boarman and Mare Sazaki
Abstract. Road kills are generally recognized as an important source of depletion to
desert tortoise (G opherus agassizli') p opulations. I n 1 9 9 0 , t h e C a l ifornia D epartment o f
Transportation erected a tortoise-proof fence along a portion of State Highway 58 b e tw een

Barstow and Kramer Junction. The California Energy Commission, responsible for licensing
thermal power plants in California, the Bureau of Land Management, and other agencies initiated
a study to determine if the fence will reduce tortoise road kills, and if drainage culverts will
facilitate tortoise movements from one side of the highway to the other. We are addressing four
an effective barrier for preventing road kills? Second, does the fence
questions. First, is the f
facilitate "recovery" of the tortoise population near the highway? Third, are culverts effective
at facilitating tortoise movements from one side of the highway to the other? And fourth, how
do individual tortoises behave when encountering the fence and culverts? Field work began in
February 1991 . T h i s s t udy is u s ing a c o mbination of st rip transects, intensive population
surveys, radio-tracking, and automated-sensing using implantable passive integrated transponder (PIT) tags. In this paper, we discuss the methods adopted for the four year project, and
the scope of the initial field work.

ence

INTRODUCTION
Study Background

In California, highway traffic has been, and continues to be, an important cause of mortality for the desert
tortoise (Gopherus agassizii1, a California state- and federal-listed threatened species. N i c h o lson ( 1 9 78 )
demonstrated that tortoise population densities were low adjacent to well-used paved roads and highways, but
increased at distances up to 1.6 km from the highway. She suggested that causes of the population depression
were road kills and illegal collecting. Important factors that apparently affect tortoise densities included traffic
volume, highway width, and the length of time the road had been in use. In 1 9 90, Peter Woodman (cited in
Boarman 1991) confirmed that substantial tortoise losses did occur, when he located the remains of 42 recently
killed tortoises along a portion of California State Highway (Hwy) 58 in San Bernardino County, California.
An additional impact of road- and highway-caused mortality on tortoise populations is that the free
movements of individual tortoises are restricted. Highways can have the effect of fragmenting populations into
smaller subunits which are at greater risk of suffering local extinctions. In some circumstances, highways can

act as barriers to gene flow between populations on either side of the highway. Restriction of gene flow,
especially when population numbers are low, can increase the potential for inbreeding and inbreeding depression.
Both fragmentation of populations and restricted gene flow are more likely to occur with increases in traffic

volume, width of highways, and time (Nicholson 1978). Because there are numerous roads and highways
throughout desert tortoise habitat, the potential for road kills to affect tortoise populations is great; therefore,
the mitigation of road kills could help facilitate maintenance and recovery of tortoise populations.

In the early 1980s, the California Department of Transportation (Caltrans) initiated a limited experimental
research project designed to determine the effectiveness of various types of fences and culverts in protecting
tortoise populations along r o ads an d f a c ilitating m o vements u n der h i g hways ( Fusari 1 9 8 2) . Ca l t r a ns

constructed a system of fences and culverts in the open desert south of Barstow, California. The tortoise-proof
fences were 122-183 m long and were spanned by two or three corrugated steel culverts. The culverts were

round, oval, and square, 4-6 m long, and were 1-1.2 m wide and 1 m high with dirt flooring. In addition, small
pens enclosed with various fencing material were connected by 1 m long culverts. F u sari (1982) observed
several encounters with the fence-culvert system by resident and non-resident tortoises. Several tortoises used
the culverts to cross the barrier, and Fusari (1982) suggested that the animals learned to do so after displaying

initial hesitancy. The tortoises exhibited no significant preference for a specific culvert type, but expended less
effort in attempting to get through 0.10 cm mesh hardware cloth than 5 cm mesh chicken wire fencing. Fusari's

project indicated that tortoise-proof fencing and culverts could be effective in preventing tortoises from crossing
highways and in focusing their movements under highways through culverts.
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I n 1990, Caltrans erected tortoise-proof fencing and culverts along Hwy 5 8 o n a p o r t ion that w a s
scheduled to be widened from two lanes to a four-lane, divided highway (Fig. 1). Tortoises are known to cross
and be killed along Hwy 58 (Boarman 1991), and Bureau of Land Management (BLM) identified this particular
portion of highway as important tortoise habitat (U.S. Department of Interior [USDI] 1988a). In 1990, the BLM,
California Energy Commission, Caltrans, U.S. Fish and Wildlife Service (USFWS), and California Department of
F ish and Game made a c o m m itment t o u n d ertake a m o nitoring project to d e t ermine effectiveness of t h e
protective fencing and culverts in contributing toward tortoise population recovery in the area near the fence.
A review board, consisting of agency, academic, and private biologists, was convened and charged with
developing and overseeing a 3-4 year monitoring program (Boarman 1991). H ere we describe the four study
questions recommended by the board, the method for selecting a study site, and techniques for collecting
essentialbaseline data. The results of the site-selection process and baseline inventories are reported in Boarman
et al. (in press) and Boarman (1992).
Study Questions
The project research addresses four questions:
1. Is the fence an effective barrier for preventing road kills? To address this question we must determine whether
fewer tortoises are killed along the fenced portion of Hwy 58, than along similar unfenced highway segments.
2. Does the fence facilitate "recovery" of the tortoise population near the highway? This question requires that
we document changes in n u mbers and distributions of t o r t oises living in c lose proximity t o t h e h i g hway
i mmediately after the fence is constructed and into the future. T his question will likely take many y e ars t o
answer.
3, Are culverts effective at facilitating tortoise movements from one side of the highway to the other? To address
this question we will monitor tortoise movements through the culverts and their movements to and around the
opposite side of the highway.
4. How do individual tortoises behave when they encounter the fence and culverts? T his question concerns
t ortoise behavior on contact w it h a fence or culvert and how m o vement patterns change as a result of the
presence of the fence and culverts. One concern is to determine if the fence represents a hazard in terms of
increasing predation or causing injury to tortoises.
Site Selection
General Study Area
The primary study site will be along the portion of Hwy 58 that has been equipped on both sides with
a tortoise-proof fence (Fig. 1). T his area begins 5.8 km east of Kramer Junction, San Bernardino County, and
extends east for a total of 24.8 km. The highway traverses slightly rolling terrain consisting primarily of shadscale
scrub and creosote bush scrub communities at elevations of 684 to 753 m. The fencing consists of 61 cm wide,
1.3 cm mesh hardware cloth installed generally 15 cm beneath ground level, and is attached to a five-strand
wire fence with the top three strands barbed and the bottom two strands barbless. The 48-63 m long culverts

are made of 0.9-1.5 m corrugated metal pipe, 1.37 m reinforced concrete pipe, or 3-3,6 m x 1.8-3 m reinforced
concrete boxes. The culverts cross beneath the entire width of the highway and connect directly to the fence,
thus providing an unobstructed pathway between both sides of the fenced highway (Fig. 2).
Phase One Criteria
Candidates for the principle study site were screened using a two phased process. For the first phase,
the entire portion of highway was evaluated using seven criteria:
1. Tortoise Presence — The site should contain the highest possible densities for a good sample size. This was
a high priority.
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2. South Side of Highway — The north side of the highway is largely unacceptable because of the presence of
railroad tracks within 80 to 1078 m of the highway for most of the area. Railroads may be a source of mortality
and an obstacle to tortoise movements. Any such limitation to movement or unnatural source of mortality may
compromise the experiments.
3. Land Status/Legal Accessibility - The land must be accessible legally and physically, and the potential for
disturbance of the site must be low over the course of the study. We considered existing and future rights-ofway, plans for frontage roads, and land tenure adjustment status (USDI 1988b).
4. Presence of Culverts - At least one planned culvert should be within the bounds of the study site.
5. End of Fence — To avoid edge effects, the site should not be at either end of the fence.
6. Size of Site - The site should include a minimum of 1.6 km of fenceline along one edge.
7. Proximity to Other Roads - The study sites should not include other heavily traveled roads (to avoid increased
mortality to tortoises).
Sites that minimally satisfied these criteria are highlighted in Figure 2. These sites were first subjected
to the initial field surveys described below and then to the second phase of evaluations.
Initial Field Survey for Phase One
In late winter 1991, initial surveys of each potential study site were conducted. The surveys consisted
of a series of strip transects, each 10 m wide, oriented along the width of each site, parallel to the highway.
For each site there were four sets of three contiguous transects. One set began immediately at the fence edge,
the second was centered 0.4 km from the fence, the third at 0.8 km, and the fourth ended 1.6 km from the fence
(Fig. 2).
Transects provided information for evaluating and ranking each potential study site . F o r t o r t oise
population density, the following data were collected: exact location and characteristics of all tortoise sign (i.e.,
live animals, shells, tracks, seats, burrows, and pallets). For every live tortoise found, surveyors were to record
carapace length, scars and other damage, and evidence of Upper Respiratory Tract Disease. The aspect, height,
length, and width of each burrow were measured. Habitat condition on potential study sites was evaluated by
taking note of all roads, trails, graded areas, structures, sheep scat, sheep beds, individual tire tracks, campsites,
garbage, and other impacts. For this last purpose, each potential site was to be scouted to identify these and
other sources of degradation. Habitat similarity within each site was evaluated by inspecting aerial photographs,

35 mm slides taken along the transects, and by noting the dominant plant species composition along the survey
transects. Al l potential access roads and nearest gates along the fence were located on USGS topographical
maps (7.5 min quads) and Caltrans project plans. The results of these transects are presented in Boarman et

al. (in press) and Boarman (1992).
Phase Two Criteria

The second phase of site selection involved a more intensive analysis of each potential site selected in
Phase One. This phase used information developed, in part, from the initial field surveys described above. Sites
were ranked using the following nine criteria and the highest ranked site was to be selected as the principle study
site for the project:
1. Tortoise Population — High tortoise densities were preferred. D ata from the initial surveys were used to
evaluate this criterion.
2. Land Status/Legal accessibility - The land must be accessible, and the potential for disturbance of the site
must be low over the course of the study. We considered existing and future rights-of-way, plans for frontage
roads, and land tenure adjustment status (USDI 1988b).
3. Culverts - Preferably one culvert, and no bridges, should be present within the bounds of the study site. The
culvert should be as near to the center of the site as possible.
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4. T h e R ight-of-Way for A l l-American Pipeline - This approximately 30 m w i d e c o r ridor, w h ich had little
vegetation cover, should not lie close to the fence edge because it could reduce direct tortoise-fence encounters
and contribute to increased predation, thus confounding the results of some experiments.
5. Physical Accessibility - The site should be accessible to field workers (e.g., near an existing gate or lightly
traveled dirt road).
6. Size of Site - An area of approximately 260 ha or more was desired to maximize sample size and not limit
natural movements of tortoises.
7. Proximity to Other Roads - Preference was given to sites at relatively greater distances from heavily traveled
secondary highways and dirt roads.
8. Similarity of Habitat - A site consisting of only one habitat type was preferred over more heterogenous sites.
9. Human Impacts to Habitat - We expected prior damage to habitat at all sites from off-road vehicles, grazing,
grading, mining and other human activities. H o w e ver, denuded and fragmented areas, which may alter the
natural population dynamics, should be avoided. Location of disturbed areas was determined during initial site
surveys.
The process and results of site selection are discussed in detail in Boarman et al. (in press) and Boarman

(1992).
Baseline Inventories
Once the specific study site was identified, baseline inventories of tortoises were made to identify and
mark all study animals and to obtain an accurate estimate of population distribution and density, w h ich are
essential for the experiments described below. The site was prepared by establishing a grid of 100 quadrats,
e ach of w hich w ere 2. 6 ha . T h e g rid wa s staked with permanent markers and removable PVC pipe, T h e
coordinate location on the grid of each stake were marked clearly on the given stake. The grid is essential for
compilation of tortoise locational and movement data.
An intensive inventory of all tortoises and tortoise sign was conducted. The purpose of this inventory

was to locate as many resident tortoises as possible, with particular emphasis on juvenile tortoises. Contiguous
transects, about 3 m wide, were walked in one direction for the first survey of the plot, followed by contiguous
transects that were perpendicular to the first set of transects for the second survey of the plot. I n t his way,
the site was surveyed thoroughly. The exact location of live tortoises was noted. Each live tortoise was marked
and recorded in the manner described in Berry (1984) for the permanent BLM desert tortoise study plots. Each
tortoise was photographed for purposes of identification and to record injuries, anomalies, and general condition.
For the purpose of tracking movements of individual tortoises, passive integrated transponder (P(T) tags
and radio transmitters were placed on some tortoises. A PIT tag, which will individually identify each tortoise,
was attached to the shell of t h ree tortoises. R a dio transmitters were attached to 3 7 t o r t oises selected to
approximate the sex and size-class distribution of the local population.
Handling procedures for all aspects of the baseline survey work followed protocols and standards set

by the BLM and FWS (Berry 1990a; Berry and Turner 1984). Results of the baseline inventories can be found
in Boarman et al. (in press) and Boarman (1992).
Study Design
The extent and complexity of the studies proposed herein will depend on the level of funding available.
The study design to answer each of the four questions described previously follows.

Question 1 - Is the fence an effective barrier for preventing road kills?
In spring 1991 and 1992, a field worker walked both sides of the 24 km portion of fenced Hwy 58 to
record, map, and remove all tortoise carcasses along the highway edge. Unfenced control sites were established
and surveyed along Hwy 58 and along Hwy 395 south of Kramer Junction. B oth areas will be resurveyed in
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summers of 1993 and 1994, after highway construction along Hwy 58 has ended. The construction is within
an area fenced off to tortoises, so no construction-related mortality is expected. Carcasses will be evaluated
for time-since-death, using the methods described in Woodman and Berry (1984). The frequency of carcasses
found along Hwy 58 will be compared with that along Hwy 395 and with data collected in 1990 along Hwy 58
by Peter Woodman (Boarman 1991). Using the Kruskal-Wallis Analysis of Variance by Ranks test, we will infer
that the fence reduces tortoise road kills if significantly fewer carcasses are found along Hwy 58 in 1993 and
1 994 than along Hwy 58 in 1 990 and the control site over the entire period. Results of the initial surveys, which
were conducted in 1991, are in Boarman et al. (in press) and Boarman (1992).
Question 2 - Does the fence facilitate "recovery" of the tortoise population near the highway?
The 1991 baseline inventory provided information on the spatial distribution of tortoises with respect
to the highway shortly after the fence was erected. Because tortoise density increased with distance from the
highway (Boarman et al. in press; Boarman 1992), we predict that tortoises will begin to spend more time nearer
to the fence.
To identify i f r e s ettlement of t h e a rea near th e h i g hway o c curs, w e w i l l c o n duct t w o s e p arate
experiments: A ) An extensive survey of the study site will be conducted in 1994 or 1995 and approximately
every four years thereafter. D ata from other permanent BLM tortoise study plots (Berry 1990b) will be used
as controls; B) Fifty tortoises will be equipped with radio transmitters. These tortoises will be located numerous
times each season to d etermine their home ranges and detect any evidence of d ispersal or long-distance
movements. Success of the fence in facilitating tortoise population recovery along the highway will be inferred,
if the relationship between tortoise density and distance from the highway becomes weaker over time, or if the
areas of activity of individual, radio-equipped tortoises move closer to the fence over the course of the study.
Question 3 - Are the culverts effective at facilitating tortoise movements from one side of the highway to the
other?
This question requires two separate approaches: individual-level and population-level responses to the
culverts. At the individual-level, in spring 1991 and 1992 we attached a PIT tag to most tortoises found on or
near the study plot. In w i nter 1993, we will place automated sensors at both ends of all four culverts located
within the plot. During 1993-1995, and perhaps beyond, the automated sensors will record the identity of each
tortoise walking past the electronic recorder as well as the date, time, and probably ambient temperature. If
the tortoise walks completely through the culvert, the sensor at the other end w ill again record the same
information. T h e t e chnique will allow us to determine if the animal crossed beneath the highway, w hen it
crossed, and how long it took to do so. W e w ill also know if tortoises use the culverts as burrows or pallets.
Success of the culverts in facilitating movement across the highway will be signified by use of the culverts by

study animals.
At the population-level, we must determine if tortoises exhibit permanent, or long-term, dispersal from
one side of the highway to the other. To accomplish this, we will conduct extensive surveys on the opposite

side of the highway to locate marked animals from our primary study population between 1993 and 1995. Any
tortoise found will be marked, equipped with a PIT tag, and the data recorded on standard BLM study plot data

sheets (Berry 1990b). This process will allow us to identify north-to-south dispersal through the culverts. Radioequipped animals will facilitate locating individuals that disperse to the opposite side of the highway.
Question 4 - How do individual tortoises behave when they encounter the fence and culverts?
To determine what effect the fence and culverts have on individual tortoise behavior and survival, from
1991 to 1994 we will search the vicinity of the fence and follow individual tortoises as they approach the fence
or culverts. Specific behaviors exhibited by the animals are being noted carefully and the direction of travel taken
before and after contacts w it h the fence or culverts are being recorded. W e a r e particularly interested in
behavioral changes over time, that is, if to rtoises develop a conditioned response to fences as barriers and
culverts as non-barriers. Tracking of individual tortoises will be facilitated by the radio-transmitters.
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THE DESERT TORTOISE RECOVERY TEAM: PROGRESS REPORT
Peter F. Brussard
Abstract. The decline of the desert tortoise (Gopherus agassizil' is a symptom of the abuse that is eroding
the Colorado/Mojave Desert ecosystems, and the recovery plan for the tortoise will also be a conservation plan

for these ecosystems on which it depends. To succeed, such a plan must recognize that human needs will also
be met, but through sustainable, rather then exploitive, development. The Desert Tortoise Recovery Team is
compiling information on the demography, genetic structure and habitat requirements of the tortoise, along with
current and potential land-use conflicts. These data must be well understood and resolved in an accessible format
before a reserve system that will not only save the tortoise but also succeed politically can be designed.
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1990-1991 INITIATIVES FOR THE DESERT TORTOISE PRESERVE COMMI TTEE
Jayne Chavez-Scales and Tom Dodson
Abstract. The Desert Tortoise Preserve Committee (Committee), a non-profit corporation, was formed
in 1974 in order to: 1) ensure the continued survival of the desert tortoise (Gopherus agassiziil in the Desert
Tortoise Natural Area (Natural Area) and western Mojave Desert; 2) raise funds for purchasing private parcels

of land within the Natural Area; 3) preserve habitat and animals; and 4) educate the public. Current membership
is 1,346. The land acquisition efforts, critical for maintaining integrity of the Natural Area, remain a successful
cooperative effort of the Committee, the Bureau of Land Management (BLM), the Nature Conservancy and the
California Department of Fish and Game. Presently the BLM holds title to 19,899 acres (8,056 ha); the Wildlife
Conservation Board to 1,035 acres (419 ha); the Nature Conservancy to 785 acres (310 ha); and the Committee
to 40 acres (16 ha). T hus 3,706 acres (1,500 ha) remain in private ownership out of a total of 25,465 acres
(10,310 ha) within the Natural Area boundaries.
Shannon Ginn served as a Naturalist at the Natural Area interpretive center during the spring of 1990.

Shannon and tour guides from the Committee greeted about 953 visitors. Visitor use was about half that of
1989, when no restrictions on visitor use were imposed. Decline in visitation was probably due to widespread
publicity about the BLM-administered quarantine, reduction in hours the Natural Area was open, and continuing
drought. Shannon used the Desert Tortoise Discovery Center as a base of operations for exhibits and displays,
and sharing information on Upper Respiratory Tract Disease, predation by ravens, habitat destruction caused
by off-road vehicles, sheep and cattle grazing, and the drought. Shannon noted a marked increase in vandalism
and the attempted releases of captive and wild tortoises onto the Natural Area. (n spring of 1991, the Committee
hopes to provide more hours of protection and education by having two Naturalists. Th e principal Naturalist
will be B ryan J e nnings . T h e C o m m i ttee is c u rrently w o r k ing o n a p r o p osal t o e s t ablish a p e r manent,
continuously-staffed facility at the Natural Area. This facility could provide a base for interpretive activities, a
temporary repository for captives, as well as a base for research.
The Committee has grave concern about impacts of uncontrolled vehicle use in the Rand Mountain/

Fremont Valley area. The rate of vandalism increased markedly after the BLM lifted the quarantine, in November
1 990. The Committee contracted with EnviroPlus Consulting to document unauthorized vehicle use and damage
to the habitat, P r esent BLM management practices to protect declining tortoise populations in the area are
s eriously questioned. T h e C o m m ittee w ill continue land acquisition efforts and is c u rrently w o r king w i t h
Ironwood Video Productions to develop an educational video for the public. We hope research, education, and
improvements in land stewardship will help pave the way for the continued existence of the desert tortoise.
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INCIDENCE OF URTD/URDS IN DESERT TORTOISES IN UTAH, 1977-1990
Michael P. Coffeen
Abstract. In 1989 and again in 1990, a search of all available tortoise records showed 45 incidents of
desert tortoise (Gopherus agassiziij showing symptoms of illness similar to URDS or URTD. These symptomatic
animals have been documented since 1 97 7 o n t h e Beaver Dam Slope and since 1 98 8 i n o t her areas of
Washington County, Utah. W h ile no studies have been conducted in Utah to specifically determine the extent
of URTD in our tortoise populations, our limited data base does show that symptomatic tortoises have been found
throughout Washington County and other areas of the state. In all future desert tortoise work in Utah, we will
continue to document the condition of tortoises and attempt to manage this serious health challenge to the desert
tortoise in Utah.
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DISPLACEMENT OF DESERT TORTOISES: OVERVIEW OF A STUDY AT THE APEX
HEAVY INDUSTRIAL USE ZONE, CLARK COUNTY, NEVADA
Paul Stephen Corn

Abstract. In 1989, the Fish and Wildlife Service issued a Biological Opinion under Section
7 of the Endangered Species Act to the Bureau of Land Management that construction of a facility
to produce ammonium perchlorate at the Apex area in Nevada would not jeopardize the continued
existence of t h e d e sert t o rtoise (Gopherus agassizii]I. Ke r r -McGee Corporation, builder and
operator of the plant, was required to perform mitigation to reduce incidental take of tortoises
during construction and operation of the facility, including funding research on resettling tortoises.
In November, 1989, the National Ecology Research Center, U.S. Fish and Wildlife Service initiated
a three year research project on displacement (short-distance resettlement) of t o rtoises. T e n
tortoises in the c onstruction area were removed from b urrows in February, fitted w it h r adio
transmitters, and i mmediately placed in artificial burrows in undisturbed habitat less than 2 km to
the west. T w e lve tortoises resident in the undisturbed habitat and three more tortoises displaced
from the construction area were fitted with radios after emergence. No mortality of radio-tagged
tortoises was observed in 1990, and no sign of the upper respiratory tract disease (URTD) was
observed in any tortoises at the site. Comparisons between resident and displaced tortoises are
focusing on differences in behavior (home range, activity) and growth.

INTRODUCTION
Kerr-McGee Corporation is building a facility to blend ammonium perchlorate (AP), a key constituent of
solid rocket fuel, in the Apex Heavy Industrial Use Zone northeast of Las Vegas. Gopherus agassizii was listed
as federally threatened in the Mojave Desert of California and Nevada (U.S. Fish and Wildlife Service [USFWS)
1990). B e c ause construction of t h e A P f a cility involves transfer of p u blic land f rom th e B ureau of Land

Management to private ownership, USFWS was required to issue a Biological Opinion under Section 7 of the
Endangered Species Act. The conclusion of the Biological Opinion was that construction of the AP facility would

not jeopardize the continued existence of the desert tortoise. Kerr-McGee Corporation, however, was required
to perform mitigation to reduce incidental take of tortoises during construction and operation of the facility,
including funding USFWS to study the effects of moving tortoises away from the construction area.
I initiated a research project in November, 1989 to st udy the effects of m o ving tortoises over short
distances. The project was scheduled to collect data during three field seasons (1990-1992). Th e objectives
of this research were to: 1) document physical and vegetative structure of tortoise habitats on the Kerr-McGee
property and mechanics of moving tortoises from the AP facility, providing baseline data for determining longterm effects; and 2) determine the effects of moving tortoises on the health, population biology, and behavior
of both tortoises that were moved and tortoises already present (resident tortoises) in the area to which tortoises
were moved.

The terminology applied to moving animals for conservation or management purposes is varied and
somewhat confusing. Dodd and Seigel (1991) proposed relocation as "moving an animal or population of animals
away from an area where they are immediately threatened." Reinert (1991) disagreed with this terminology and
proposed translocation as a general term for intentional releases of animals in areas currently or historically
occupied by that species, and augmentation as the term referring to release of animals into an area where that
species is already present. I feel, however, that augmentation places the emphasis more on the resident animals
than on the animals being moved and propose a slightly different terminology. I suggest translocation be used
as a generic term to describe all types of intentional movements for management purposes, and that translocation
of individuals or populations away from threatened areas be termed resettlement. I further define two different
types of resettlement, which are biologically distinct. R e location involves moving animals out of t h eir local
population (deme), usually several kilometers or more depending on the species, and either trying to establish
new populations or a u g menting existing u nrelated populations. R e l o cation m ight b e a p p lied t o t o r t oise

populations in the Las Vegas Valley, where several large blocks of land are proposed for development.
Displacement involves moving animals short distances, probably 5 km or less for tortoises. Displaced animals
remain in the same deme and in the same general habitat.
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Relocation of d esert t o rtoises is a c o n t roversial method fo r salvaging animals in areas slated for
development (Burke 1991, Dodd and Seigel 1991). G riffith et al. (1989) studied translocations of birds and
mammals (mostly native game species) and concluded that translocations are more likely to be successful if large
numbers of animals are introduced into suitable habitat and if the species is a herbivore with early maturity and
a high reproductive rate. Desert tortoises are herbivores, but females may require 15-20 years to reach sexual
maturity (Turner et al. 1987) and annual production is 1-2 clutches of 3-7 eggs (Turner et al. 1 986). Berry (1 986)
summarized factors potentially affecting success of translocation efforts, including genetic differences between
populations, carrying capacity of h abitats into w h ich to rtoises are translocated, and behavioral and social
interactions between introduced and resident tortoises. Relocation of several tortoises over long distances (1690 km) resulted in many tortoises dispersing back toward their home sites.
A recent study in Arizona suggests that short-distance displacements may be successful. Harper and
Barrett (1989) removed tortoises from the pathway of an aqueduct of the Central Arizona Project, held them
i n captivity for 7 -2 0 m o nt hs, and then released them near their point of c apture after construction of t h e
aqueduct. Only one of 16 tortoises displaced was known to have died in the 18 months of observations after
release.
This study is an experiment in displacement of G. agassizii. The primary hypotheses to be tested is that
displacement does lower fitness of tortoises. T his hypothesis will be tested on both displaced and resident
tortoises. V a r iables to be used to test the hypothesis include mortality, health (signs of URTD, changes in
weight), and behavior (home range, use of cover, agonistic interactions). In this paper, I provide an overview
of the study by describing the methods used to move tortoises, the methods used to study effects of displaced

and resident tortoises, and some preliminary results. Although data from the first field season (1990) are
available, I will not make direct comparisons between displaced and resident tortoises until the end of the project,
I do not wish or tempt others to draw conclusions from preliminary data,
METHODS
Study Area
The Kerr-McGee site is located on a gently sloping, southeast-facing bajada in a gap in the southern end

of the Arrow Canyon Range, Clark County, Nevada (T18S, R63E). Land purchased by Kerr-McGee totaled 1,360
ha, and the AP plant was located on 112 ha on the eastern side of the site (Fig. 1). Elevation of the bajada ranges
from about 670 m at the eastern end of the Kerr-McGee property to about 790 m at the western end. The hill
at the northern side of the site rises to an elevation of 936 m. The hill at the southern side is higher; the maximum
elevation is 1,032 m. Both hills have extensive outcrops of Paleozoic (Devonian to Permian Age) limestone (Wetz
and Peterson 1989). Th e bajada is dissected by two primary small to moderate-sized washes (banks may be
up to 2 m high at the eastern side of the site), but the drainage pattern is complex, with numerous small braided
washes. The bajada is composed of alluvial deposits up to 200 m deep. Based on 38 exploratory borings (Wetz
and Peterson 1989), the upper layer of the alluvium is composed of silty and sandy gravel, and the strongly limecemented caliche layer occurs at a depth of 1-6 m. S mall patches of caliche are exposed in some of the larger
washes.
Perennial vegetation was recorded by the line-intercept method (Canfield 1941) on three 50 m transects
placed randomly in each of seventeen, 25 ha squares. Transects were oriented south to north, and each end
was permanently marked with a steel (rebar) stake. Cover was estimated for each plant species by measuring
the amount of the crown that intercepted the transect line. No measurement of annual vegetation was conducted
in 1990.
Resettlement of Tortoises
Gopherus agassizii were displaced from the area where the AP plant was under construction during 1 990
for two different purposes. T h irteen tortoises were used to study effects of displacement by attaching radio
transmitters to them and moving them to the west half of the Kerr-McGee property. The study area was gridded
with 3 m high PVC posts at 500 m intervals (Fig. 1). Additional tortoises discovered in the AP plant area during
construction were moved up to 2 km away to the north or south.
In September 1989, an initial survey of the AP plant area by a contractor located 189 burrows (87 with
recent apparent activity) and 20 tortoises (SWCA 1989). In December, I used a 3 m fiberscope (Fig. 2) to examine
146 burrows (including some not located in September) and found 11 tortoises.
From 11-13 February 1990, ten of the 11 tortoises found in December were moved to artificial burrows
constructed west of the plant site (Fig. 1). One small tortoise located in December was not moved. This tortoise
was on the southern border of the plant mitigation area and was too small for a transmitter.
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Figure 1. Kerr-McGee property at Apex, Nevada. Tortoise were displaced from the AP plant area. Displaced tortoises
with radio transmitters are being compared to resident tortoises in the gridded study area on the west half of the property.

Figure 2. Ex a mination of a desert tortoise burrow using a 3 m fiberscope.
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When a tortoise was excavated from its burrow, I w e ighed it, measured maximum carapace length
(MCL), examined it for external signs of URTD (i.e., mucous running from the nostrils, wet eyes or front legs,
or wheezing breath), gave it a unique number which was notched on the marginal scutes and written on a small
paper tag under clear epoxy, and attached a 3 volt, two-stage radio transmitter, encased in dental acrylic and
equipped with a 20 cm w hip antenna. The transmitter was attached to the anterior, left side of the carapace
with epoxy and the antenna was glued to the costal scutes on the left side (Esque et al. 1990). M a ss of the
transmitter package was about 35 g . O n e t u be of epoxy (18-20 g applied) was normally used to attach a
transmitter to a tortoise, so the total extra mass carried by the tortoise was 50-60 g. On most animals, the top
of the transmitter did not extend above the plane of the top of the carapace.
The tortoise was transported to the artificial burrow in a closed container also containing several shovelsfull of dirt from its home burrow. The trenches for artificial burrows were about 1 m long and sloped down at
about 20' t o a depth of about 50 cm and were dug before tortoises were excavated from their original burrows.
I added the dirt from the container to the bottom of the trench, placed the tortoise in the trench, constructed
the roof over the tortoise, and then back-filled over the roof with the dirt excavated from the trench. The roofs
of most burrows were constructed from two materials. A 30 cm long, 30 cm diameter piece of PVC pipe cut
in half was placed in the center of the burrow. C o nvex cement roofing tiles (42 cm x 26 cm) were then placed
on top of the PVC, extending to the rear and front of the burrow. S ome of the tiles were cut lengthwise with
a masonry hammer to achieve a custom fit. The PVC section was omitted from burrows of some of the smaller
tortoises so that the burrow diameter was not too different from the width of the tortoise. Excess excavated
dirt was used to build a raised apron at the mouth of the burrow.
Artificial burrows were oriented in the same direction and the opening was the same distance to the same
species of shrub (closest to t h e m o ut h o f t h e b u rrow) as th e o r iginal burrow o f e ac h t o rt oise. T o r t o ise
"neighborhoods" were kept together, i.e., the spatial arrangement of artificial burrows replicated that of groups
of original burrows on the plant site, although distances among groups of artificial burrows were less (Fig. 1).
Between 18 March and 14 July 1990, 49 additional tortoises were displaced from construction areas.
Radios were attached to three of these, which were then placed in the study area in previously constructed
artificial burrows . A l l o t h e r t o r toises displaced from th e c o nstruction area were measured, marked, and
examined for health condition.
Transmitters were attached to 13 tortoises resident in the study area west of the plant site between 15
March and 5 Ma y 1 9 9 0 . H a n d ling of t hese animals followed the same protocol as for displaced tortoises.
Displaced and resident tortoises were tracked on foot by using a portable receiver and hand-held yagi antenna.
Locations of tortoises were estimated by triangulating with a hand compass on the posts used to establish the
study grid. Th e following data were recorded for each tortoise: back azimuths to tw o of the corner posts of
the 25 h a s q u are (used t o c a lculate position), w eather (clear, partly c loudy, o v ercast, d rizzle, rain), air
temperature at 1 cm and 1 m, general habitat (desert pavement, open scrub, small wash, large wash, hill), soil
type (sandy gravel, cobble, rock), specific location (burrow, pallet, in the open, under vegetation), and behavior
(resting, moving, digging, eating, drinking, agonistic interaction, sexual interaction).
RESULTS AND DISCUSSION
Ninety-one tortoises were recorded on the Kerr-McGee property in 1990, 33 residents from the study
area and 58 displaced from the construction area (Table 1). O t her than the ten tortoises moved in February,
most displaced tortoises were found by construction or security personnel. Because small tortoises are more
easily overlooked, it might be expected that few juvenile tortoises would be found on the construction site, but
a higher proportion of small tortoises were found in the construction area than in the study area.
Distance between the original and artificial burrows for the ten tortoises moved in February varied from
969 m to 2,235 m (median = 1,696 m). The initial positions of the three tortoises with radios displaced after
construction began were not fixed accurately, so distance moved is not known. How ever, these distances were

within the range of distances of tortoises moved earlier.
Most tortoises aroused and moved out of their artificial burrows within 24 hours. Because of the season,
the tortoises were put back into the artificial burrows and large rocks were placed at the entrances. The rocks
were removed 14 March 1990, after surface activity by other tortoises in the study area was observed. No ill
effects from being blockaded in the artificial burrows were apparent. S u rge et al. (1985) also attempted to
displace tortoises during winter in California and had similar problems with arousal of displaced animals. In that
s tudy, tortoises were dug from w i nter burrows and moved 500-1,000 m i nto artificial burrows . S i x o f 1 1
tortoises left artificial burrows within a few days.

299

Table 1. Sizes of Gopherus agassizii recorded from Kerr-McGee property, Apex, Nevada, 1990.

Group
Resident males
Resident females
Resident juveniles
Displaced males
Displaced females
Displaced juveniles

n
15
10
8
19
21
18

Carapace length (mml
mean
range
252
232
12 9
237
222
1 10

220 - 297
183 — 258
56 - 180
203 - 258
176 - 265
51 - 178

Mass (g)
n

mean

15
10
6
19
20
10

2 9 83
2340
64 2
2 4 00
2158
638

range
1950 - 4850

1250 - 2900
300 - 1100
1550 - 3100
1150 - 3150
400 - 975

No mortality of radio-tagged tortoises was observed in 1990, but one tortoise was found dead in the
construction area on 23 June 1990. T his individual had apparently been run over by equipment. No apparent
symptoms of URTD were observed in any tortoises at the site.
The masses of the smallest and largest tortoises equipped with a standard radio package were 975 g
and 4,900 g respectively, so the transmitter plus epoxy constituted 1-6% of a tortoise's mass. Between 14
March and 2 November 1 990, we obtained 1,531 tortoise locations by telemetry. Three tortoises, two displaced
and one resident, were lost early in the season. Except for these tortoises, 54-87 observations (mean = 65)
were made of each animal. Seven tortoises with radios, four displaced and three resident tortoises, were moved
short distances after the study began. T h ese tortoises entered or approached the area of active construction

and were moved for their protection.
Three confirmed and one probable social interactions involving radio-tagged tortoises were recorded.
Displaced female number 46 was observed mating with a resident tortoise (without a radio) on 23 July 1990,
a nd on 3 September 1990 displaced male number 21 mated with a resident female without a radio. O n 1 8
September 1990, combat between resident male number 35 and a resident male without a radio was observed
at length. The smaller male (236-mm carapace length and 3,350 g) flipped the larger male number 35 (297 mm
and 5,100 g) on its back three times and once back upright. On 14 September 1990, resident female number
32 and a resident male without a radio were observed at 1000 hr close to a 0.5 m diameter circle of disturbed
ground that also contained some wet areas. These two tortoises probably had mated earlier that morning, but
we did not observe this directly.
Twenty-two species of perennial plants were recorded on vegetation transects (Table 2). Total percent
cover averaged 13.7 (SD = 5.21). The 2 dominant species, Larrea tridentata and Ambrosia dumosa, accounted

for 10.3% of total cover. Cover by shrubs increased slightly from east to west on the study area, but initial
inspection of the data revealed no obvious groupings into different shrub communities.

Future Analyses
When data collection is finished after the 1992 field season, I will evaluate the effects of displacement
by comparing displaced and resident tortoises. V a r iables to be t e sted include mortality, health (external
indications of respiratory disease, mass gain or loss, growth), habitat use (home range, habitat categories), and
behavior (specific location categories, behavior categories, descriptions of interactions). Values of categorical
variables will be compared with contingency tables and log-likelihood ratios; differences in continuous variables
will be tested with analysis of variance.
One flaw in the experimental design is that there is no true control. C o nditions for resident tortoises
were altered by the addition of the displaced tortoises, so comparisons between resident and displaced tortoises
do not strictly test effects of displacement. These comparisons would be stronger if baseline data existed on
animals before they were moved, or if a s eparate group of resident tortoises were included in the design.
Unfortunately, the construction schedule could not be modified to accommodate an extra year to gather baseline
data. I originally planned to include a control group of tortoises adjacent to the Kerr-McGee property, but funding
was unexpectedly reduced shortly after the project began, and this part of the design was abandoned.
There may be ways, however, to compensate for the lack of true controls. Preliminary results indicate
that several resident tortoises that inhabit the northwest corner of the study area had limited overlap with
displaced tortoises. If this pattern holds for all three years, then these animals might serve as a control group.
In addition, before the third field season in 1992, another group of tortoises from the eastern portion of the KerrMcGee property will be excavated from winter burrows and displaced to the study area. I will follow the same

300

Table 2. Me an percent cover of perennial plants from 51 line-intercept 50-m transects, Kerr-McGee property,
Apex, Nevada, 1990.

8'

C

Larrea tridentata
Ambrosia dumosa
Yucca schidigera
Ephedra nevadensis
Krameria parvi folia
Lycium andersonii
Opuntia basilaris
Eri ogonum fasci culatum
unknown a
Salvia dorii
Gut/ errezia mi crocephala
Stipa speciosa
Hymenoclea salsola
Sphaeralcea ambigua
Opuntia acanthocarpa

Creosote Bush
White Bursage
Mojave Yucca
Nevada Ephedra

Hi/aria rigida
Arabis pulchra
unknown b
Prunus fasciculatus

Range Ratany
Anderson Wolfberry
Beavertail Pricklypear
Yellow Buckwheat

Grayball Sage
Threadleaf Snakeweed

Desert Needlegrass
White Burrobrush
Desert Globemallow
Buckhorn Cholla
Big Galleta
Beauty Rockcress

Mean
5.77
4.55

0.96
0.87
0.53

$D
4.02
2.49
1.74
1.48
0.72

0.35
0.33

0.78

0.18
0.14
0.056
0.055
0.051
0.051

0.62
0.96

0.042
0.015
0.01 4

0.010

1.81

0.28
0.22
0.21
0.25
0.11

0.08
0.08
0.07

Desert Peachbrush

0.009
0.008

Bai/eye multiradi ate

Desert Baileya

0.005

0.06
0.03

Echinocactus polycephalus
Dalea spp.

Cottontop Barrelcactus
Dalea

0.003
0.002

0.02
0.01
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0.06

protocol used in 1990 .

T h e hypothesis to be tested is that both groups of displaced tortoises display similar

characteristics in the first year following displacement compared to resident animals.
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NEW TECHNIQUES WITH RADIO TELEMETRY AND DESERT TORTOISES
Michael J. Cornish
Abstract. In the spring of 1990 I fitted 103 desert tortoises lGopherus agassizii1, ranging in weight from
35 g to 2,270 g, w ith one of three types of transmitters operating in the 150-151 MHz range. M o unted units

were light-weight, durable, low-profile, and designed to be removed at the conclusion of the study with no
carapace scarring. T ransmitters were either single- or double-stage lithium powered tortoise sidecar units, or
solar/nicad powered units. A l t h ough epoxy mounts were used, all attachments allowed carapace growth due
the absence of any scute bridging. A n tennas were quarter-wave coated cable-routed either to scute attached
teflon tubes or not attached at all, depending on the transmitter used. Transmitter and antenna were placed so
as not to interfere with the animals' activities such as mating, courtship, or burrowing. M o u n ted units were

designed to prevent predator holds and were painted to match the carapace color. Reception was accomplished
by scanner-coupled receivers using null-peak and two dBd gain antennas.
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HEALTH STUDIES OF DESERT TORTOISES IN ARIZONA AND UTAH
Vanessa M. Dickinson, James R. Wegge, Steve K. Ferrell and Cecil R. Schwalbe

Abstract. H e m atological, osteological, and b a c teriological characteristics w e r e

determined for two groups of free-ranging desert tortoises (Gopherus agassizii). The two
groups included: 1) an apparently declining population, the Littlefield Plot on Beaver Dam
Slope, Arizona; and 2) a thriving population at the City Creek Plot, north of St. George, Utah.
Bone samples were also analyzed from captive juvenile tortoises. F r ee-ranging tortoises
were sampled in one collection period in both 1989 and 1990. Tortoises were captured and
fitted with radio transmitters in 1989 with additional captures in 1990, Captured tortoises
were weighed, measured, and anesthetized for tissue collection using 25 m g k e t amine
hydrochloride/kg body weight. C o l lections included blood samples, shell biopsies, nasal

swabs and flushes, and cloacal swabs. Blood chemistry showed significant differences
between sites for blood urea nitrogen (BUN), total protein, and potassium in 1989 and for
BUN in 1990. In both populations, total protein and calcium differed significantly between
years. Blood corticosterone levels from stressed tortoises were significantly higher than
those of relatively unstressed individuals. Shell biopsies taken in 1989 indicate a significant
difference in osteoid surface between the two sites. M i ld osteomalacia was found in the
Littlefield population. A d ult t o rtoise carapace bone tissue was considered a poor sample
media for health determinations because it is relatively inert. S h ell biopsies taken from
captive tortoises in 1990 indicate that juvenile carapaces have unmineralized bone matrix.
Condition of juvenile carapace bone tissue may reflect dietary changes and may be useful
for future comparisons between sites. B a cterial swabs were taken from 28 t o r t oises in
1989. Pa steurella testudinis was isolated from the cloaca and nasal fossa from six of the

28, a Chlamydia-like bacterium from the cloaca and nasal fossa from seven tortoises and
Salmonella sp. from the cloaca of one tortoise. My c oplasma sp. was not isolated in 1989
or 1990 (n = 2 8 ; n = 30).
INTRODUCTION
Concern for recent population declines in the desert tortoise (Gopherus agassizil) led to the emergency
listing of the Mojave desert tortoise on 4 August 1989 as an endangered species (USFWS 1989). The Mojave
population was listed as threatened on 2 April 1990 (USFWS 1990). The density of desert tortoises had declined
significantly since the mid-1970s on the Beaver Dam Slope, Utah, with higher than expected mortality on the
Littlefield Plot, Arizona (Coffeen and Welker 1989; T. Duck pers. comm.). A preliminary investigation of causes
of mortality in t his population indicated a high incidence (16'%%d) of osteoporosis in 21 4 t o r t oise carcasses
examined (Jarchow and May 1989). Change in diet of the tortoises because of alteration in available vegetation
was suggested as a possible underlying cause of malnutrition leading to osteoporosis (Jarchow and May 1989).
A 1988 inventory of a recently discovered desert tortoise population north of St. George, Utah, indicated
a thriving population with extremely high tortoise densities and recruitment of smaller size classes (Bezette et
al. 1989). S i nce this area is separated from the Beaver Dam Slope by the Beaver Dam Mountains, the Santa
Clara Valley, and major roadways, an opportunity was provided to investigate differences between 2 distinct
tortoise populations in the Mojave Desert.
An understanding of t h e h ealth of f r ee-ranging desert tortoises is important w h e n a ssessing and
managing declining populations (Berry 1 9 8 4) .
Ho w e v er , r elatively little i s k n ow n a b ou t d e sert t o r t oise
physiology. D e s ert t o rtoises tolerate large temporary imbalances in their w ater, salt, and energy budgets
(Dantzler and Schmidt Nielsen 1966; Minnich1977, 1982; Nagy and Medica 1986). With the exception of same
blood and urine ions (Minnich 1977; Nagy and Medica 1986), blood chemistry and hematological values are

available only from captive tortoises (Rosskopf 1982). Bone studies have been limited to analysis of carcasses
and captives (Jarchow and May 19 8 9) .

B a cteriological cultures from tortoises are limited to a few w ild and

captive studies (Fowler 1977; Snipes and Biberstein 1982; Jackson and Needham 1983; Jarchow and May
1989; Knowles 1989; Jacobson and Gaskin 1990).
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Primary objectives of this ongoing five-year study are to: 1) establish baseline data on hematological and
osteological characteristics and d i sease factors i n p o p ulations of d e sert t o r t oises, 2 ) c o m p are selected
hematological, osteological, and disease factors between desert tortoises from thriving and apparently declining
populations, and 3) compare blood, bone, and incidence of disease parameters across seasons and years within
sites.
METHODS

General Procedures
Two desert tortoise populations were studied in the northeastern Mojave Desert, the Littlefield Plot on
the Beaver Dam Slope, Arizona (Berry 1984; Hohman and Ohmart 1980) and the City Creek Plot, north of St.

George, Utah (Bezette et al. 1989) (Fig. 1).
Four trips (May, July, August, September) were made to each Mojave Desert study site in 1989 to affix
radio telemetry units. One trip (September) was made to each site in 1989 and 1990 to collect blood, bone,
and bacterial samples. Initially, populations were compared by examination of blood and bone samples taken
from the first 12 adult () 20 8 mm median carapace length [MCL]) male tortoises encountered at each site. Five
additional adults (male or female) thought to be osteopenic based on physical examination were selected from
each site to determine if shell biopsies could distinguish between apparently healthy and osteopenic tortoises.
All tortoises were weighed, measured, and marked if necessary. Blood samples were taken from each. Swabs
for bacteriological culture were taken, and each tortoise was examined for signs of osteopenia or osteomalacia.
Each tortoise was outfitted w ith a radio transmitter for recapture and tissue sampling in successive
seasons and years. Transmitters were affixed with five minute gel epoxy to the flared posterior marginal scutes
of adult male tortoises and to the flared anterior marginal scutes in adult females. In 1 9 89, AV M M o del SBZ
radio transmitters were used. In 1990, several of the older AVM transmitters were replaced with Telonics Model
125.
Tortoises were anesthetized with ketamine hydrochloride (25 mg/kg body weight) injected posterior to
the left forelimb using a 25 gauge (1.6 cm) needle, 20 minutes prior to the collection of blood, bone samples,
and bacterial swabs. A f ter tissue samples were taken, tortoises were rehydrated at the axillary notch with 2%
body weight of equal parts Normosol (Abbott Laboratories, Chicago, Illinois), and 2.5% dextrose and 0.45%
sodium chloride to replace any fluids voided during handling and to help flush the anesthetic through the kidneys.
Tortoises were released during cool times of the day at the site of capture 10-12 hours after injection of the
anesthetic.
All tortoises were handled with surgical gloves and maintained in clean individual cardboard boxes to
minimize the probability of disease transfer between animals. Between sites, collection equipment was washed
with chlorine bleach, vehicles were w ashed with soap at a car w a sh, and all personnel changed clothing,
including shoes.
Sample Collection and Analysis

Blood samples (6 ml) were drawn by jugular venipuncture using 22 gauge (1.9 cm) needles. Packed cell
volume (PCV) was determined as the mean of two capillary tube values. In 1989, a 0.5 ml aliquot of whole blood
was placed into an EDTA-coated tube (lavender top) for vitamin and mineral determinations by Veterinary

Diagnostic Laboratory, University of Arizona, Tucson. In 1990, a 0.6 ml aliquot of whole blood was placed in
a lithium heparin-coated microtainer (green top) for hemoglobin determination. No EDTA-coated tubes were used

in 1990 due to the discovered lysis of red blood cells. Remaining whole blood was put into a plain vacutainer
(red top) for approximately 30 minutes, until clotting was evident. Serum was collected by centrifuging for five
minutes. A 0.25 ml aliquot of serum was separately packaged in 1989 for corticosterone determination by Paul

Licht, Department of Integrated Biology, University of California, Berkeley. Stressed desert tortoises are defined
as those individuals transported to a collection site prior to blood collection. In 1989, initial blood samples (0.5

ml) were taken in the field for corticosterone determinations from relatively unstressed individuals. Remaining
serum (usually ) 1.25 ml) was stored on ice and sent to Animal Diagnostic Laboratory, Inc., Tucson, for blood
chemistry analyses. S e rum was analyzed for nine characteristics: b l ood urea nitrogen (BUN), total protein,
albumin, serum glutamic-oxaloacetic transaminase (SGOT), cholesterol, triglyceride, calcium, sodium, and

potassium. In addition, packed cell volume (PCV) was determined for all samples. Hemoglobin was only
calculated for Littlefield in September 1990.
Shell biopsies were collected by trephination from adult tortoises in 1989 and from juveniles in 1990.
Biopsies were taken between the second and third marginal scutes on the right or left side of the carapace
(designated as RM 2/3 or LM 2/3), or between the ninth and tenth marginal scutes (RM 9/10 or LM 9/10). The
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Figure 1. Lo cation of City Creek Plot, Utah, and Littlefield Plot, Arizona.
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biopsy area was surgically scrubbed with Medadine solution (Fermenta Animal Health Co., Kansas City, Missouri)
and rinsed with 70% isopropyl alcohol. S hell biopsies (6.4 mm diameter) were taken at scute seams using a
Miltex Model 26-142 skull trephine, modified for use with a variable speed cordless drill and a leather guide. The
shell was irrigated with sterile saline solution while drilling. The hole remaining was plugged with sterile gauze
and sealed with epoxy. I f b leeding occurred, blood was washed from the tortoise with hydrogen peroxide to
decrease the chance of predation following release.
Shell biopsies were immediately placed in 10% phosphate-buffered formalin for tissue fixation, then
transferred to 70% ethanol and shipped to Elliott Jacobson and Tom Wronski, College of Veterinary Medicine,
University of Florida, Gainesville, for histologic processing. A t t h e University of Florida, shell biopsies were
f urther dehydrated in 1 0 0 % e t h anol, embedded undecalcified in methyl methacrylate, sectioned at 4 y m
thickness with an AO Autocut/Jung 1150 microtome, and then stained according to the Von Kossa method.
Histomorphometry was performed with the Bioquant Bone Morphometry System (R 5 M B iometrics
Corp., Nashville, Tennessee). Areas and lengths of interest were traced with a cursor on a Hipad digitizing tablet
adjacent to a Nikon Labophot microscope. Values for shell histomorphometric parameters were then calculated
with Bioquant software. The following measurements were made on each shell biopsy: shell thickness (mm),
shell porosity (%), osteoid surface (%), and osteoid seam width Qm).
Thicknesses of a d ult t o r t oise carapaces were estimated w it h d o rsal radiographs using a K r amex
Diagnostic X-ray Unit (Model PX20N). Films were sent to Paul Poulos at the College of Veterinary Medicine,
University of Florida, Gainesville. Films were analyzed for three characteristics: 1) bone density, using pelvis,
femurs, and humeri; 2) carapace density, using marginal density and appearance of the sutures between the
scutes; and 3) overall density, using mid-body examinations for evaluation of the vertebral segment.
Two nasal and one choanal swabs were taken from each tortoise in 1989 and stored in Stuart transport
medium and thioglycollate broth for culture of Chlamydia sp. In 1 99 0, nasal and cloacal samples were taken
and stored with Culturettes (Becton Dickinson, Cockeysville, Maryland) for evidence of Salmonella sp. and
Pasteurella sp. In addition, the nasal fossae of each tortoise was aspirated with 0.9% sodium chloride to collect
Mycop/asma sp. One ml of saline from each nasal fossa was placed in a test tube containing try ptic soy broth.
Cultures were immediately placed on ice and sent to the University of Arizona Veterinary Diagnostic Laboratory,
Tucson, for analysis.
Unpaired blood chemistry data were compared using the Mann-Whitney test; the Wilcoxon signed-rank
test was used for paired data. Significance was judged at P < 0 . 05 . S t atistical tests performed for this study

assume independence of blood variables. Alternative procedures accounting Tor possible correlation among
these variables may be informative and will be attempted for the final report. S t atistical differences between
the bone biopsies for the two populations were tested with the Kruskal-Wallis test.
RESULTS

Blood Chemistry and Hematology
Blood chemistry profiles and hematological characteristics are summarized for Littlefield for September

1989 and September 1990 (Table 1) and for City Creek for September 1989 and September 1990 (Table 2).
Within given months and years, some differences were discernible between populations. For September 1989,
BUN (P < 0 . 0 2), total protein (P < 0 . 0 2), and potassium (P < 0 . 02) differed. Y et, in September 1990 only

BUN (P < 0.01) was significantly different between the two populations. Between-year comparisons for City
Creek in September (n = 8) showed significant differences in total protein (P < 0 .0 1), albumin (P < 0 .01) and
calcium (P < 0 . 0 5 ) . B e t w e en-year comparisons for Littlefield in September (n = 11) showed significant
d ifferences in total protein (P < 0 . 0 5), albumin (P < 0 . 0 2), and calcium (P < 0 . 0 3 ) .
Thirty-six blood samples were taken from tortoises at Littlefield and City Creek in September 1989.
Means and associated standard deviations of corticosterone levels were calculated for stressed and unstressed
tortoises (Table 3) .
O nl y s e v e n i n d ividuals w er e s a mpled a t b o t h u n s t ressed an d s t r essed p eriods.
C orticosterone levels were significantly higher in stressed than unstressed tortoises (P < 0 . 0 4 ) .
Osteology
In 1989, shell biopsies were taken from 16 Littlefield tortoises and 17 City Creek tortoises. Values of
shell histomorphometric parameters for the samples are presented in Tables 4 and 5, respectively. At both sites
shell thickness and porosity were similar. Mean osteoid surface values for the Littlefield sample were significantly
greater (P < 0 . 02) than for the City Creek sample. In contrast, osteoid seam width, shell thickness, and shell
porosity were not significantly different between the samples (P ) 0 . 0 5) . Originally, percentages of osteoblast
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Table 1. Desert tortoise blood chemistry and hematology profiles from the Littlefield population, Arizona, 19891990. "' M e ans lin same row) significantly different (P ( 0 . 0 5 ) . N A = n o t a v ailable.

Sep 1989

Sep 1990

x+ SD

x + SD

Combined
1989-1990
x+

SD

(n)

(n)

(n)

BUN'
mg/dl

7.0 + 4.6

12.2 + 12.7

9.6 + 9.5

(16)

(14)

(30)

TP'

2.8 + 0.5'

3.3 + 0.9'

3.1 + 0.7

g/dl

(16)

(16)

(32)

ALB'

1.6 + 0 1'

1.8 + 0 3'

1.7 + 0.2

g/dl

(16)

(17)

(33)

S GOT'
IU/L

38.2 + 13.8

38.6 + 17.8

38.2 + 15.9

(16)

(17)

(33)

CHOL'
mg/dl

71.2 + 46.0

72.1 + 46.0

72.2 + 51.4

(16)

(16)

(32)

TRI

72.1 + 118.2

144.2 + 242,1

109.6 + 191.6

(16)

(32)

Ca'
mg/dl

(16)
9.3 + 1.0'
(16)

10.5 + 2.6'

9.9 + 2.1

(17)

(33)

Na'

mg/dl

135.1 + 4.8

128.0 + 0.0

134.2 + 4.9

mEq/I

(15)

(I)

(16)

5.6 + 0.7
(15)

3.7 + 0.7
(2)

5.4 + 0.9

mEq/1
PCV"

24.5 + 3.6

26.7 + 4,3

25.7 + 4.1

(16)

(17)

(33)

NA

11.2 + 1.0

11.2 + 1.0

(9)

(9)

' Blood urea nitrogen

' Total protein

' Calcium
8 Sodium

' Albumin

' Potassium

' Serum glutamic-oxaloacetic transaminase

" Packed cell volume

' Cholesterol
' Triglyceride

" Hemoglobin
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(17)

Table 2. Desert tortoise blood chemistry and hematology profiles from the City Creek population, Utah, 19891990. " Means (in same row) significantly different (P ( 0 . 0 1 ) . ' Means (in same row) significantly different
(P ( 0.05).

Combined
1989-1990

Sep 1989

Sep 1990

x+ SD

x+ SD

x+ SD

(n)

(n)

(n)

BUN'

2.0 + 1.5

4.0 + 2.8

2.8 + 2.2

mg/dl

(22)

(10)

(32)

TP

2.4 + 0.3'

g/dl

(22)

2.7 + 0 3'
(13)

2.5 + 0.3
(35)

1 7+ 0

1.6 + 0.2

ALB

g/dl

LS + O.l

b

1'

(22)

(13)

(35)

38.1+ 7.6

43.5 + 14.3

40.8 + 11.1

(22)

(17)

(39)

CHOL'

65.3 + 36.9

64.1 + 41.5

64.5 + 37.7

mg/dl

(22)

(13)

(35)

TRIo

54.2 + 94.9

75.6 + 122.8

62.7 + 105.6

mg/dl

(22)

(13)

(35)

Ca
mg/dl

9.0 + 0.9'
(22)

9.6 + 1.4'

9.3 + 1.1

(13)

(35)

Nas

135.2 + 2.0

131.4 + 4.3

134.0 + 3.8

mEq/1

(22)

(10)

(32)

K'
mEq/1

4.9 + 0.8
(22)

4.1 + 0.5
(10)

4.6 + 0.7
(32)

PCV"

27.2 + 4.7
(16)

27.2 + 2.9
(13)

27.2 + 4.0
(29)

SGOT'
IU/L

' Blood urea nitrogen

' Calcium

' Total protein
' Albumin
4 Serum glutamic-oxaloacetic transaminase
' Cholesterol
' Triglyceride

' Sodium
' Potassium
" Packed cell volume
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Table 3. S erum corticosterone levels for unstressed and stressed desert tortoises in Mojave Desert habitats,
September 6-9, 1989 . U n s t ressed tortoises defined as individuals whose blood was collected at the capture
site. Stressed tortoises defined as those individuals transported to the collection site prior to blood collection.
" M eans (in same row) significantly differnet (P ( 0 . 0 5 ) , L F = Littlefield site, Arizona; CC = City Creek site,
Utah.

Site

Corticosterone (mg/ml)
Stressed

Unstressed'
n

x+ SD

x + SD

LF

10

4.3 + 2 . 0 '

5.5 + 2.9'

CC

19

5.1 + 3 0'

3 9+ 0 9 '

Table 4. Shell histomorphometric parameters for desert tortoises from the Littlefield population, Mohave County,
A rizona, 1989. L M = l eft marginal scute. R M = right marginal scute.

Animal
Number

Biopsy Site'

Shell
T hickness

Shell
Por o sity (%)

(mm)

Osteoid

Ost e o i d Seam

Surf ac e

Width ( p m)

(%)

S131

LM 2/3

10.0

5.5

8.6

5.0

S156

LM 2/3

6.0

4.5

41.1

5.3

0209

LM 2/3

9.6

4.4

26. 8

5.0

0210

RM 9/10

6.5

3.6

31.9

4.8

0212

RM 9/10

4.6

43

2.5

3.7

0250

LM 2/3

6.3

6.3

30.9

5.7

0280

RM 2/3

7.5

2.8

0.6

2.3

0289

LM 2/3

7.4

2.8

22.7

5.5

0292

LM 2/3

7.4

6.4

32.6

12. 1

H007

LM 2/3

7.4

4.2

10.9

4.3

H036

LM 2/3

8.1

4.7

54.3

8.3

H038

LM 2/3

8.4

5.6

8.0

5.6

H042

LM 2/3

9.0

4.0

39.3

6.3

H065

LM 2/3

8.8

4.1

11.4

4.3

H067

LM 9/10

7.5

4.0

19.8

8.0

H068

LM 2/3

7.3

3,4

10.0

4.0

7.6

4.4

22.0

5.6

+1.4

+1.1

+ 15.5

+2.3

SD
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Table 5. S h ell histomorphometric parameters for desert tortoises from the City Creek population, Washingt on County, Utah, 1989 . L M = l eft marginal scute. R M = right marginal scute.

Animal
Number

Bio p sy Site'

Shell
Thickness
(rnm)

Shell
Porosity (%)

Osteoid
Sur f ac e

Ost e oid Seam
W idth ( p m)

(%)

0372

LM 2/3

7.6

2,3

4.3

8.2

0461

RM 2/3

9.5

1.0

12.8

3.8

0462

RM 2/3

7.8

2.0

5.1

5.0

0463

RM 2/3

7.0

1.7

1.7

4.2

0464

RM 2/30

7.5

3.9

2.3

3.5

0465

RM 2/3

6.4

8.5

12. 1

3.8

0466

RM 2/3

6.4

3.4

8.7

4.4

0467

LM 2/3

7.7

6.3

42.2

5.4

0469

LM 2/3

6.6

2.7

11,6

6.0

1116

RM 2/3

7.2

5.1

5.7

3.9

1117

LM 2/3

8.2

4.1

20.5

10.0

1126

LM 2/3

8.2

3.6

15.7

5.5

1130

LM 2/3

6.5

2.9

10.2

43

1144

LM 2/3

9.3

3.8

8.1

3.8

1165

RM 2/3

7.1

2.9

7.8

3.2

1216

RM 2/3

7.5

4.7

7.3

4.8

1231

LM 2/3

9.2

2.3

4.2

3.5

7.6

3.6

10.6

4.9

+1.0

+1.8

+9.5

+1.8

SD
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and osteoclast surfaces were intended to be used as indices of bone formation and resorption, respectively.
However, these bone cell types were rarely seen in the shell biopsies.
In 1990, shell biopsies from juvenile desert tortoise (n = 22; weights of 100-850 g) were analyzed for
shell histomorphometric parameters in the same manner as the adult biopsies. P reliminary results indicated
juveniles have unmineralized bone matrix and more bone cells, compared to adults (T. Wronski pers. comm.).
In addition t o s h ell b iopsies, dorsal radiographs were evaluated as a p o t e ntial method t o d e t ect
differences in shell mineralization. E v a luation of m i neral loss was i nconclusive (P. Poulos unpubl. data).
Likewise, it was impossible to segregate the radiographs into two separate groups (P. Poulos unpubl. data).
Three problems associated with this technique were identified: 1) more than 30% of the mineral density must
be lost before changes can be appreciated on radiographs; 2) the lack of a step wedge on the films prevented
complete evaluation of the technique; and 3) overall density of the body on the radiograph is affected by intestinal
contents (P. Poulos unpubl. data).
Bacteriology

Desert tortoise nasal aspirate, and nasal, choanal, and cloacal swabs were analyzed for bacterial
pathogens. Pasteure//a testudinis, Ch/amydia-like bacteria, and Sa/mone//a sp. were isolated from 18, nine, and
one tortoise, respectively, out of 28 total tortoises sampled from Linlefield and City Creek populations in 1989
(Table 6). A Ch/amydia-likebacteria was most commonly found in the nasal fossa (n = 5), but may be present
in both the nasal fossa and cloaca (n = 1), or in the cloaca only (n = 1). Salmonella sp, was isolated from the

cloaca in 1 tortoise only. No Mycop/asma sp, were isolated from nasal swabs nor nasal aspirate. Cultures from
the 1990 samples yielded only small numbers of gram positive, contaminant flora, possibly indicating poor
collection and transport technique rather than absence of pathogens (C. Reggiardo pers. comm.).
DISCUSSION
Blood Chemistry and Hematology
Urea is the principal end product of the catabolism of protein and is excreted almost entirely by the
kidneys (Coles 1986). E levated BUN is an osmotically active way of maintaining water balance (Frye 1981),
According to Rosskopf (1982), elevated BUN is caused by dehydration, kidney disease, or blockage of the
bladder. At h igh BUN levels (i.e., x = 100 mg/dl for ill tortoises), urea is toxic (Jacobson and Gaskin 1990).
BUN levels for Littlefield are above the average for healthy tortoises (x = 6.0 mg/dl,
n = 4) as reported by Jacobson and Gaskin (1990). City Creek BUN levels are below the average reported by
Jacobson and Gaskin (1990). Rosskopf (1982) reported BUN levels ranging from 1-30 mg/dl; values over 40
were significant, In this study, only tortoise S156 (Littlefield) had a BUN level higher than 40 (BUN = 53 mg/
dl). I t i s q u e stionable, however, w h ether elevated BUN levels in the Littlefield population indicate illness.
Elevated BUN may be due to a corresponding increase in dietary protein at Littlefield. H o w e ver, if free water
were available to tortoises prior to blood collection (i.e., recent rain shower), this could result in lower BUN levels.

Since weather stations were not in operation at the sites in 1989 or 1990, there were no data to compare rainfall
to blood chemistry parameters such as BUN.
Plasma proteins occur in a wide variety of chemical compounds such as albumin, globulins, fibrinogen,
glycoproteins, and lipoproteins (Coles 1986). Excessive loss of proteins resulting from renal disease, draining
wounds, or starvation are reflected in reduced total protein values (Coles 1986). Lo w t o tal protein levels are
often due to decreases in albumin.
Total protein levels from Littlefield and City Creek were within the range (2.2-5.0 g/dl) reported by
Rosskopf (1982) for healthy captive desert tortoises. Total protein levels were significantly different between
Littlefield and City Creek in August and September 1989, but not in September 1990. Total protein levels were
significantly d i f ferent b e t w een y e ars a t b o t h s i t es . T h e s e d i f f erences may b e d u e t o m o r e f a v o rable
environmental conditions at Littlefield in 1989 as compared to City Creek, and at both sites in 1990 versus 1 989
(Esque et al. 1990).
Albumin affects osmotic pressure and may act as the primary source of reserve amino acids for tissue
proteins (Coles 1986). A decrease in total albumin may result from deficient intake of protein, deficient synthesis
of albumin, excessive protein breakdown, or direct loss of albumin (i.e., egg laying). A decrease in total albumin
is often associated with hyperglobulinemia, a disease associated with poor diet and/or poor nutrient absorption
(Coles 1986).
Overall, albumin levels for Littlefield and City Creek populations were similar. A l b u min levels were
significantly different between years at both sites. A p o ssible cause may be an increase in dietary protein in
1990 versus 1989 .
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Table 6. 8acteria identified in samples taken from 28 desert tortoises from Linlefield, Arizona, and City Creek,
U tah sites, 1989 . N A = samples not labeled to site of swab.
Pasteurella testudinis
Littlefield, AZ
~Swab Site

City Creek, UT
~Swab Site

H036 (nasal and cloacal)

1234 (NA)

S131 (nasal and cloacal)

0461 (NA)

S156 (nasal)

1130 (NA)

0250 (nasal and cloacal)

0372 (NA)

0280 (nasal and cloacal)

0466 (NA)

0289 (nasal)

0469 (NA)

0216 (NA)

1144 (NA)

0212 (NA)

1117 (NA)

H006 (NA)
H054 (NA)

Chlamydia-like bacteria
Littlefield AZ

C it Creek UT

H069 (nasal)

1116 (NA)

0280 (nasal and cloacal)

1231 (NA)

0281 (nasal)
0209 (nasal)
0289 (nasal)

0282 (nasal)
0284 (cloacal)
Salmonella sp.
L'etlefield AZ

H008 (cloacal)
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the fall (M. Coffeen pers. comm.).
Triglycerides, like cholesterol, are lipids. Triglycerides are structurally different from cholesterol in that
they contain a glycerol molecule instead of a four-carbon ring (Church and Pond 1982). L ipid energy reserves

are primarily triglycerides (Robbins 1983).
Triglyceride levels for Littlefield and City Creek had high standard deviations. Eight tortoises had elevated
levels of triglyceride which may indicate illness as lipids are metabolized to meet energy needs (Robbins 1983).
However, there was no significant difference in triglyceride levels between months, years, or sites.
Almost all blood calcium is found in the plasma (Coles 1986), and is affected by total protein. Increased
total protein elevates protein-bound calcium and affects the total serum calcium concentration (Coles 1986).
Calcium levels for Littlefield and City Creek populations were similar and within the range of normal values
reported by Rosskopf (1982) for healthy captive tortoises (9.0-17.0 mg/dl). Calcium levels differed significantly
between years at both Littlefield and City Creek.
Sodium and water loss often occurs with diarrhea, vomiting, or renal disease (Coles 1986). Reptiles are
unable to concentrate sodium and potassium hypertonically in their urine (Frye 1981). S ome species, like the
desert iguana (Dipsosaurus dorsalis) ha ve evolved salt g l ands to e x c r ete e xcess s odium a nd p o t a ssium
(Shoemaker et al. 1972). Extrarenal secretion of these salts reduces their toxic effects and increases the reptile's
ability to conserve water (Frye 1981). Desert tortoises do not have salt glands (Dantzler and Schmidt-Nielsen
1966) and must depend on their kidneys for osmoregulation.
Levels of sodium for Littlefield and City Creek populations were similar, with little variation, and within
the range (130-157 mEq/I) reported by Rosskopf (1982) for healthy captive tortoises. No significant differences
in sodium levels across months, years, or sites were found.
Serum potassium levels may not reflect the true status of body potassium because most potassium is
stored in intracellular fluid (Coles 1986). According to Minnich (1970, 1977), increased plasma potassium loads
may cause desert tortoises and iguanas to reduce or cease feeding in drought conditions. Desert tortoises also
have the capacity to store potassium as precipitated urates (Minnich 1977). These factors may account for the
lack of elevated potassium levels in dehydrated tortoises (Minnich 1977, 1982). Potassium levels in the Littlefield
and City Creek populations were above the range reported by Rosskopf (19 82) fo r healthy captive desert
tortoises (2.2-4.5 mEq/I), but below the levels (7.6-15.5 mEq/I) reported by Nagy and Medica (1986) for freeranging desert tortoises during spring.
PCV is an index of the quantity of erythrocytes in the blood. PCV levels for Littlefield and City Creek
populations were similar and within the range (23-37%) reported by Rosskopf (1982) for healthy captive desert
tortoises.
The amount o f h e m o globin in t h e b l ood i n dicates oxygen c arrying capacity ( Coles 1 9 8 6) . T h e
hemoglobin values for the Littlefield population in September 1990 (x = 11.2%), were similar to values reported
for the painted turtle (Chrysemys picta) and the stinkpot (Sternotherus odoratus} (Frye 1981).
Elevated corticosterone levels promote glucose availability in response to stress. I n itial results of this
study revealed a significant elevation in corticosterone levels in stressed tortoises. Tr ansport of tortoises from
site of capture to a trailer for sample collections apparently is stressful for the animals. Due to demands for
electricity and the amount of collection equipment required, field techniques have not yet been developed to
permit the collection of samples at the site of capture.
Osteology
Osteoid surface was the only shell biopsy parameter that differed significantly between the Littlefield
and City Creek samples (Wronski and Jacobson 1990). O steoid surface of Littlefield tortoises was twice that
of City Creek tortoises. Since parameters such as osteoid surface are known to increase in osteomalacic states,
these findings suggest occurrence of a mild osteomalacia in Littlefield tortoises (Wronski and Jacobson 1990).

However, the observed osteomalacia is considered mild in nature, due to the lack of an accompanying increase
in osteoid seam width (Wronski and Jacobson 1990).
T he inert quality of adult tortoise carapace led Wronski and Jacobson (1990) to conclude that it w as
"a poor sample medium for detecting osteopenia as a consequence of nutritional deficiencies in adult desert
tortoises." W r onski (pers. comm.) recommends sampling carapaces of juvenile tortoises because they contain

unmineratized bone matrices. However, it is difficult to obtain a sufficient number of juvenile tortoises in the
field. Dorsal radiograph comparisons of the two sites were inconclusive. According to P. Poules (unpubl. data),
it was impossible to segregate the two tortoise populations based on radiology.
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Bacteriology
In order of prevalence, P. testudinis, a Ch/amydia-like bacteria, and Salmonella sp. were isolated from
desert tortoise nasal fossa and cloaca cultures. In a previous study, Pasteurella sp. was isolated from one of
four healthy tortoises and from all of eight diseased tortoises (Jacobson and Gaskin 1990). Pa steurellasp. is
a commonly isolated bacterium associated with inflammatory lesions (Frye 1981). P. testudinis has been isolated
from healthy and ill captive tortoises and may be involved in upper respiratory tract disease (Snipes and Biberstein
1982). Chlamydia sp. commonly occurs in reptile cloacae and may be nonpathogenic in tortoises (Marcus 1981).
Salmonellosis is the most common zoonosis associated with captive reptiles (Marcus 1981). It is found in stools,
cloaca, and blood. S a l monellosis is usually asymptomatic in reptiles but can cause diarrhea, anorexia, and
listlessness (Marcus 1981) . F i f t y -five percent of the tortoises with P. testudinis, 78% w i th C h/amydia-like
bacteria, and 100% w it h Salmonella sp. were from the Littlefield population. U n t il questions regarding the
identity of the bacteria which has been classed as Ch/amydia sp. have been resolved, it is difficult to evaluate

differences between populations.
CONCLUSIONS
Littlefield tortoises had generally higher BUN, total protein, and potassium than City Creek tortoises.
Elevated BUN levels may indicate dehydration in the Littlefield population, but we cannot conclude this without

accompanying rainfall data and additional blood chemistry data. In contrast, we do not consider high total protein
and potassium levels as an indication of health problems. In this study, both populations had values for SGOT,
cholesterol, triglyceride, calcium, potassium, sodium, PCV and hemoglobin similar to levels reported for healthy
captive tortoises. C o r t icosterone levels in the blood increased with handling and transport of the animals.
Modification of handling procedures may ameliorate this problem.
Carapaces of adult tortoises of the Littlefield population were free from signs of osteopenia, and with
the exception of mild osteomalacia, were considered healthy and normal. T h e lack of o bserved bone cells
indicates that adult carapaces are relatively inert and poor sample media for evaluating effects of dietary or
environmental conditions on c alcified tissues. T h r e e pathogens (P. te studinis, a C h/amydia-like bacteria,
Salmonella sp.) were isolated from tortoise nasal fossae and cloacae.
Phosphorus will be included in future blood chemistry analyses for a determination of the calcium:
phosphorus ratio. W e w ill also analyze for vitamin A and E and mineral levels since no published information
on these variables exists for free-ranging tortoises. Bone biopsies and radiographs of adult tortoises may be

discontinued. We will attempt to biopsy the carapaces of juvenile tortoises. Bacterial collection technique will
be modified to increase accuracy and effectiveness. W e w ill continue to culture for Mycop/asma sp. F ecal
collections will be made for a survey of internal parasites. We will initiate studies to clarify the identity of the
Ch/amydia-like bacteria.
Osteological and blood chemistry data indicate the Littlefield population may be less healthy than the

City Creek population, but causes are currently unclear and will require additional research. Factors such as
rainfall can influence the values of some of the blood chemistry parameters measured. Weather stations at both
sites would provide useful information on rainfall and temperature. Blood chemistry data will be interpreted in
the light of information from ongoing nutrient studies in the Mojave Desert. This may allow further interpretation
of the blood and bone studies currently being conducted.
ACKNOWLEDGEMENTS
We thank Tim Duck, Mike Coffeen, and John Payne for invaluable coordination in the field. Tim Duck,
Mike Coffeen, Charles Pregler, Rod Lucas, Rich Glinski, John Payne, John Snider, Julie Rotolo, Eddie Guererro,
Tom Liles, Hans Koenig, Bob Price, Ted Cordery, and Sherry Barrett located, captured, and assisted in tortoise
sampling. We are grateful to Jim Jarchow for his insights in designing the study, his diagnoses, and training
of project personnel during early stages of the field work. We thank Elliott Jacobson and Tom Wronski for their
dermal bone research, Paul Licht for corticosterone determinations, Paul Poules for the analysis of radiographs,

Carlos Reggiardo for the analysis of bacteriological cultures, Bruce Jacobson for blood drawing, Matt Alderson
for figures, and V i cki Webb fo r t a bles. J i m d e Vo s r eviewed the manuscript. T h e U . S . B ureau of Land
Management, Arizona Game and Fish Department, U.S. Fish and Wildlife Service, and the Utah Division of

Wildlife Resources funded this project.

316

LITERATURE CITEO
Berry, K,H. (ed). 1984. The status of the desert tortoise (Gopherus agassizii) in the United States. Unpubl. Rep.
to U.S. Fish and Wildlife Service from the Desert Tortoise Council.
Bezette, R.J., A.N. Bashor, J.A. Bashor and M. Coffeen. 1 9 8 9 . P o p ulation analysis of the desert tortoise on
the City Creek Study Plot, Washington County, Utah. Unpubl. Rep. to Bureau of Land Management and
Utah Division of Wildlife Resources.
Church, D.C. and W.G. Pond.

1 9 8 2 . B a sic Animal Nutrition and Feeding. J ohn Wiley & Sons, New York.

Coffeen, M. and H. Welker. 19 89 . Population changes on the Woodbury-Hardy study area between 1981 and
1986, Beaver Dam Slope, Washington County, Utah. Utah Division of Wildlife Resources, Unpubl. Rep.

Coles, E.M. 1986. Veterinary clinical pathology. 4th ed. W.B. Saunders Co., Philadelphia.
Dantzler, W.H. and B. Schmidt-Nielsen. 1 9 66 . E x cretion in freshwater turtle (Pseudemys scripta) and desert
tortoise (Gopherus agassizii). Am . J. P hysiol. 210:198.
Esque, T.C., L,A. DeFalco and R.B. Bury. 1991. Nutrition and foraging ecology of the desert tortoise: FY 1989
Annual Report. U n p ubl. Rep. to Bureau of Land Management, Cedar City District, Utah.
Fowler, M.E. 1977. Respiratory diseases in desert tortoises. pp. 79-99. In: An nual Proc. Am. Assoc. Zoo Vet.
Frye, F.L. 1981 . B i omedical and surgical aspects of captive reptile husbandry. Veterinary Medicine Publ. Co.,
Edwardsville, Kansas.
Hohman, J. and R.D. Ohmart.

1 9 8 0 . E c o logy of the desert tortoise(Gopherus agassiziil on the Beaver Dam

Slope, Arizona. Unpubl. Rep. to Bureau of Land Management,
Jackson, O.F. and J.R. Needham. 1 9 83 .

R h initis and virus antibody titers in chelonians. J. Sm. Anim. Pract.

24:31-36.
Jacobson, E.R. and J.M. Gaskin. 1990. Clinicopathologic investigations on an upper respiratory disease of freeranging desert tortoises (Xerobates agassizii). Unpubl. Rep. to Bureau of Land Management, Riverside,
California.
Jarchow, J.L. and C.J. May. 1989. Report on investigation of desert tortoise mortality on the Beaver Dam Slope,
Arizona and Utah. U n publ. Rep. to Arizona Game and Fish Department, Bureau of Land Management
and Utah Division of Wildlife Resources.
Knowles, C. 19 89 . A s u rvey for diseased desert tortoises in and near the Desert Tortoise Natural Area, spring
1989. U n p ubl. Rep. to Bureau of Land Management, Riverside, California.
Marcus, L.C. 1 9 8 1 . V e t e r inary Biology and Medicine of Captive Amphibians and Reptiles. Lea & Febiger,
Philadelphia.
Minnich, J.E. 1 9 7 0 . W a t e r and electrolyte balance of the desert iguana,Oipsosaurus dorsalis, in its natural
habitat. C o mp . Biochem. Physiol. 35: 921-933.
Minnich, J.E. 19 77 . A d aptive response in the w a ter and electrolyte budgets of n a tive and captive desert

tortoises, Gopherus agassizii, to chronic drought. Proc, Desert Tortoise Council Symp. 1977:102-129.
Minnich, J,E. 1982. The use of water. pp. 32 5-395. In: Biology of the Reptilia: Volume 12. Academic Press,
New York.

317

Nagy, K.A. and P.A. Medica. 1986. Physiological ecology of desert tortoises in southern Nevada. Herpetologica
42: 73-92.
Robbins, C.T. 1 9 8 3 .

W i l d life Feeding and Nutrition. A c ademic Press, Inc., New York.

R osskopf, W.J . 1 9 8 2 . N o r m al hemogram and blood chemistry values for California desert tortoises. V e t .
Medicine/Small Animal Clin. 1:85-87.

Shoemaker, V.H., K.A. Nagy and S.D. Bradshaw. 1972. Studies on the control of electrolyte excretion by the
nasal gland of the lizard Dipsosaurus dorsalis. Co m p. Biochem. Physiol. 42:749-757.
Snipes, K.P. and E.L. Biberstein. 1 9 82. Pa steure//a testvdinissp. nov.: A p arasite of desert tortoises. Intern.
J. Syst. Bacteriol. 32:201-210.
U.S. Fish and Wildlife Service. 1989. Endangered and threatened wildlife and plants; desert tortoise. Fed. Reg.
54: 42270-42277 .
U.S. Fish and Wildlife Service. 1990. Endangered and threatened wildlife and plants; determination of threatened
s tatus of the Mojave population of the desert tortoise. Fed. Reg. 55:12178-12 19 1.
Wronski, T.J. and E.R. Jacobson. 1 9 9 0 . D e r mal bone studies in the desert tortoiseIXerobares agassizii)I.
Unpubl. Rep. to Arizona Game and Fish Department, Phoenix.

318

DIET AND FORAGING BEHAVIOR OF GOPHERUS AGASSIZII IN THE NORTHEAST
MOJAVE DESERT
Todd C. Esque
Abstract. Free-ranging desert tortoises (Gopherus agassizii) were observed eating at two s i tes in the
northeast Mojave desert during the springs of 1989 and 1990. Quantitative analyses of plant species eaten and
plant species available were used to determine the extent to which tortoises select food items non-randomly.
Tortoises were seen feeding on 43 species of plants at St. George, Utah, and 14 species on Beaver Dam Slope,
Arizona. D r o ught conditions prevailed during both years. I n 1 9 90 , mean dry biomass production of spring
annuals in mid-May was 7.6 kg/ha at St. George, and 21.5 kg/ha at Littlefield.
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DISTRIBUTION OF UPPER RESPIRATORY TRACT DISEASE IN DESERT TORTOISES IN
THE SOUTHW E ST: 1991 SYNOPSIS FOR NEVADA
D. Bradford Hardenbrook
Abstract. Incidence of the Upper Respiratory Tract Disease (URTD) in wild populations of desert tortoises
(Gopherus agassizli') in Nevada is not w e ll documented. T h e f o l lowing reports of a nimals displaying signs
symptomatic or possibly symptomatic of URTD received mainly between 1989 and 1991 are presented as an

update for Nevada, These locations include: 1) the Las Vegas Valley; 2) the Apex locale northeast of and adjacent
to the Las Vegas Valley; 3) Rock Valley, located within the Nevada Nuclear Test Site, approximately 70 miles
(112 km) northwest of Las Vegas; 4) the Mormon Mesa Permanent Study Plot which is approximately 60 miles
(96 km) northeast of Las Vegas; and, 5) the Gold Butte Permanent Study Plot located, approximately 60 miles

(96 km) east of Las Vegas.
Veterinarians in the Las Vegas Valley have for many years examined and treated captive or pet tortoises
f or a respiratory condition. I n a 1 9 8 9 t elephone survey, local veterinarians expressed that 50% t o 90 % o f
tortoises brought t o t h e m f o r e x a mination of a i lments exhibited a r espiratory condition. T h e r e m aining
percentage of examinations mainly involved malnourished or traumatized animals.
Perhaps the first confirmed case of wild tortoise ill with URTD in the Las Vegas Valley came from the
northwest portion of th e V a lley in September 1989 . T h e t o r t oise was examined by Dr. Elliott Jacobson,
University of Florida, who described the animal as exhibiting classic symptoms of URTD.

The best information collected so far indicating the prevalence of URTD among wild tortoises occurring
in the Las Vegas Valley comes from tortoise removals made consequential to the Lawsuit Settlement Program

implemented in mid-1990. This program, authorized by the U.S. Fish and Wildlife Service, allowed for scientific
collection of up to 871 tortoises to be used in high-priority studies for the conservation of the species. Between
June and November 1990, 830 tortoises were collected from ten specified properties totalling approximately
7 ,075 acres (2,864 h a) . O n e h u n dred t w enty-two ( 1 4 . 7% ) w ere symptomatic of U RTD . H o w e v er, t h e
proportion of tortoises ill with URTD was not uniform. Of the 595 tortoises collected from 5,553 acres (2,248
ha) on the west-northwest fringe of Las Vegas, 118 (19.8%) were symptomatic of URTD. Ten animals were
determined as released captive animals, four of which exhibited signs of URTD. In contrast, only four (2%) of
222 tortoises collected from 1 , 30 0 acres (526 ha) in the southeast portion of th e Las Vegas Valley were

symptomatic. Only three captive-released animals were among the 222 collected and all appeared healthy. None
of the tortoises removed from the 222-acre site of the Desert Tortoise Conservation Center located in the
northwest portion of the Las Vegas Valley displayed signs of URTD.
Of note, the western fringe of Las Vegas, where most animals displaying LIRTD signs were encountered,

is adjacent to State Route 159 (Charleston Boulevard) which provides access to the BLM's popular Red Rock
Canyon National Conservation Area, managed by the Bureau of Land Management (BLM). Hence, the possibility

for captive releases, and perhaps spread of URTD, may be greater along this route than in the more remote,
southeastern portion of the Valley. No correlative conclusions can be drawn on this latter association until a
greater understanding of the URTD manifestation is achieved.

At least two tortoises exhibiting signs of URTD were observed in the Apex locale approximately 18 miles
(29 km) northeast of Las Vegas. These were documented by Gilbert Goodlett while performing surveys on the
20 acre (8 ha) Bonneville Pacific site in September 1989.

The Rock Valley observation, reported by Phil Medica, was of an animal with a nasal discharge in October
1987. This case was noted as an anomalous condition and has apparently not resulted in obvious declining health
of that animal since the 1987 observation. One tortoise exhibited a "runny nose" and another was described
as having a "wet face and unclear eyes" at the Mormon Mesa Permanent Study Plot in 1989. In 1990, a tortoise
previously observed in 1986 on the Gold Butte Permanent Study Plot was described as exuding a clear nasal
discharge and a wet right eye. Tortoises displaying anomalous conditions from these three locations in southern
Nevada are provocative, but remain unconfirmed as documentation that URTD occurs in other wild tortoise
populations.
While URTD is known to occur in the Las Vegas Valley, particularly in the captive population and variably
on the periphery of major urban areas, the extent of the respiratory disease in the wild population is presently
indeterminable. R eports of symptoms suggestive of URTD were largely lacking prior to 198 9 reports from
fieldwork endeavors. Th e lack of these reports does not now indicate a serious disease problem. H o w ever,
because of the recent isolated reports indicating a possibly wider incidence of the disease in wild populations,
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the Nevada Department of Wildlife has developed plans to conduct surveys rangewide in southern Nevada in
1991, specifically to document the occurrence of URTD.
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RECENT INITIATIVES AND ACCOM PLISHMENTS OF THE DESERT TORTOISE
MANAGEMENT OVERSIGHT GROUP (MOG)
Ed Hastey
Abstract. The D esert Tortoise Management Oversight Group (MOG), and its
technical advisory c o m m ittee, h ave c a rried ou t s e v eral desert t o r t oise (G opherus
agassizill conservation actions in the past year in response to the listing of the Mojave
population of the desert tortoise, and the underlying factors responsible for this listing.
Positive steps have been taken to reverse the deteriorating status of the tortoise on a
number of fronts, including research, land acquisition, public outreach, agency planning,
law enforcement, interagency consultation, and increasing agency funding and staffing
levels. The primary mission of the MOG, which was established in 1988, is to coordinate
agency planning and management activities on behalf of the tortoise, an to implement the
management prescriptions called for in BLM's Desert Tortoise Rangewide Plan. BLM's
rangewide plan established the goal of maintaining viable tortoise populations on the
public lands and recognized that this can only be accomplished through cooperative
resource management aimed at protecting the species and its habitat. In the coming year,
the MOG will concentrate on coordinating agency planning and management activities
with the emerging Desert Tortoise Recovery Plan to ensure that the resource management
programs of cooperating agencies are consistent with the maintenance of viable tortoise
populations.

The Desert Tortoise Management Oversight Group, or MOG, was established in 1988 to coordinate
agency planning and management activities on behalf of the tortoise (Gopherus agassizii), and to implement the

management prescriptions called for in BLM's Desert Tortoise Rangewide Plan. The MOG consists of the four
BLM State Directors from Arizona, California, Nevada, and Utah; the four State Fish and Game Directors from
these states; the three Fish and Wildlife Service Regional Directors that share tortoise management responsi-

bilities; and a BLM Washington Office representative. To provide the MOG with technical support in establishing
priorities and coordinating agency tortoise conservation efforts, an interstate technical advisory committee and
four state technical committees have been created. BLM's rangewide plan for the desert tortoise recognizes that

the goal of maintaining viable tortoise populations on the public lands can be accomplished only through
cooperative resource management aimed at protecting the species and its habitat.
The challenges presented by the listing of the Mojave population of the desert tortoise, and the underlying

factors responsible for this listing, have made the past year a busy one for the MOG and its technical committees.
To respond to these management challenges, the MOG assigned its interstate technical advisory committee

numerous tasks in 1 990, and it met three times to provide guidance and recommendations to cooperating agency
managers. A m ong the tasks completed by the MOG, with the assistance of the interstate technical advisory
committee, are the following:

The scientific literature was reviewed to identify prior tortoise research with significant management
implications.
Priorities were established for future desert tortoise research needs.

Research proposals were developed for high priority research projects.
Input was requested from cooperating agencies on the funding and personnel needed to implement the

rangewide plan and this information was submitted to Congress as required under the APEX legislation.
Criteria were established for tortoise relocations and translocations.
A status report was prepared on the availability of tortoise maps by State and agency.
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Guidelines were developed for Section 7 consultations involving livestock grazing in tortoise habitat.
A protocol was established for handling tortoises "rescued" by the public.
A working group was created to promote consistency among the four States on the application of
mitigation and compensation.
Guidelines were established for effecting peer review of agency tortoise research.
A work group was established to coordinate law enforcement efforts by cooperating agencies.
Communications w er e i n itiated w i t h t h e D e sert T o r t oise Recovery T eam t o a v o i d u n n ecessary
duplication of effort and achieve consistency of purpose.
Progress in reversing the deteriorating status of the desert tortoise has been made on a number of fronts
as a result of the coordinated efforts of MOG cooperators. I w ill report on some positive steps that have been
taken in th e p ast y ear i n t h e a reas of r e search, agency planning, land acquisition, public outreach, law
enforcement, interagency consultation, and enhancing agency funding and staffing levels.
Basic research is needed on a variety of subjects to identify an effective management and recovery
strategy. Two major diseases are causing significant mortality in the West Mojave and Chuckwalla Bench areas
of California. In FY 91, BLM funding was provided for the continuation of research on upper respiratory disease
and shell necrosis, and for the initiation of research on desert tortoise-livestock grazing interactions. The grazing
research will be c a rried out i n C a lifornia and Nevada over the n ext f iv e y ears and w i l l e x amine tortoise
interrelations with both sheep and cattle. Th e MOG has established 16 research priorities for future tortoise
research and has developed research proposals for most of th e high ranked topics. F u t ure funding will be
requested through the agency budgeting process for priority research projects that are not currently funded.
In the planning arena, several important planning efforts have been initiated since the Mojave tortoise
population was listed. S o m e of t h ese, such as the short term Clark County Habitat Conservation Plan, are
intended primarily to resolve direct, immediate potential conflicts with Section 9 of the Endangered Species Act.
Others, including the West Mojave Tortoise Plan, are intended to be regional multi-species plans that address
the needs of local communities with respect to incidental take permits and state and federal agencies with respect
to recovery planning. S c o p ing and public coordination efforts are currently underway for the West Mojave
Tortoise Plan. BLM is encouraging cities, counties, special service districts, private landowners, military bases,
and all affected state and federal agencies to participate in this planning endeavor. California BLM also plans
to develop habitat management plans for the distinct tortoise population units at Chuckwalla Bench, Ivanpah
Valley, and Chemehuevi Valley. In Nevada, BLM is currently developing a resource management plan for the
publicly owned habitats in Clark County. In September 1990, the Fish and Wildlife Service appointed a recovery
team for the desert tortoise that is currently developing a rangewide recovery plan for the M ojave tortoise
population. the recovery team is scheduled to meet with the MOG technical advisory committee on March 11th
to receive input and ideas on the recovery plan strategy. At the next MOG meeting, the recovery team chairman
will brief the MOG on the status of the recovery plan and the recommended direction for the draft recovery plan.
One of the anticipated results of these ongoing planning processes is that there will be some places set
aside just for tortoises, some places will be managed for tortoises and other compatible uses, and some places
will be committed to other uses in a balanced multiple-use mix.
On the acquisition front, BLM continued efforts this past year to acquire private inholdings within the
Desert Tortoise Natural Area (DTNA) and Chuckwalla Bench Area of Critical Environmental Concern. A total of
11,637 acres of tortoise habitat has been acquired in these consolidation areas through purchase or exchange
(540 acres in the DTNA and 11,097 acres at Chuckwalla Bench).
In the area of public outreach, cooperating agencies have developed brochures, museum displays, video
tapes, information kiosks, etc., to inform the public about desert tortoise management programs. To provide
the public with guidance on "What To Do If You See a Desert Tortoise," the MOG has prepared a draft brochure
that seeks to prevent unnecessary "rescues" of wild tortoises and to dissuade people from releasing captive
tortoises back into the wild. T his brochure will be widely distributed to the public by cooperating agencies.
To promote a consistent approach toward law enforcement among the cooperating agencies, the MOG
has created a special task force to provide guidance on recommended investigatory procedures and to facilitate
communications between enforcement, management and biological personnel. The objective is to ensure that
applicable state and federal laws are consistently enforced on both public and private lands throughout the range
of the tortoise.
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The listing of the Mojave population of the desert tortoise has created a major new workload for federal
agencies to complete the interagency consultations required by Section 7 of the Endangered Species Act. Such
formal consultations are required to ensure that no f ederal action is authorized that w o uld jeopardize the
continued existence of the desert tortoise. BLM has initiated over 50 formal Section 7 consultations with the
Fish and Wildlife Service on projects affecting the tortoise since the tortoise was listed. I t is anticipated that
this heavy consultation workload will continue into the foreseeable future.
The MOG has established two working groups to streamline the interagency consultation process and
to develop a consistent approach among the four different states and three different Fish and Wildlife Service
regions. To date, most Section 7 consultations involving the desert tortoise have required offsite compensation
as a means of offsetting onsite projects impacts. The kind and amount of compensation required to offset project
impacts has varied significantly among the different states and Fish and Wildlife Service regions. To develop
a more consistent approach on the application of compensation to projects affecting the desert tortoise, the MOG
has created a special working group to address this issue. This task force will present its final recommendations
t o the MOG on May 16, 1 9 9 1 .
A second MOG working group was created to develop a consistent approach on Section 7 consultations
involving livestock grazing and the desert tortoise. The approach that has been recommended is for each of the
affected states to develop separate programmatic consultation packages for each class of livestock grazing

(sheep and cattle) occurring in tortoise habitat within these states. Programmatic packages have been prepared
for livestock grazing allotments in California (sheep), Nevada (cattle), and Utah (cattle) and submitted to the Fish
and Wildlife Service for formal consultation. Consultation packages for the remaining programmatic livestock

grazing consultants are scheduled for completion later this year.
Additional funding and personnel will be required to carry out a truly effective conservation program for
the desert tortoise. The cooperating agencies have responded to this challenge by requesting additional staff
and funds through their regular bugetary processes and by submitting a detailed report to Congress concerning
the "Costs and Personnel Required to Implement the Desert Tortoise Rangewide Plan." T h i s report will be
updated annually by the MOG to outline the unfunded nedds of cooperating agencies for tortoise management
programs.
Looking ahead, the MOG will be equally busy in the coming year in wrapping up projects begun in 1990

and in responding to new challenges. The next MOG meeting is scheduled for May 16th. A major focus of that
meeting will be on coordinating MOG planning and management activities with the emerging Desert Tortoise
Recovery Plan. Through the development and implementation of an effective recovery plan, it is our hope and
intention that the survival of the desert tortoise will be assured through the coordinated resource management
programs of the cooperating agencies.
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SHELL NECROSIS IN THE DESERT TORTOISE POPULATION AT CHUCKW A L LA BENCH,
RIVERSIDE COUNTY, CALIFORNIA
Elliott R. Jacobson
Abstract. H i gh m o r tality rates and a d i s ease described as " s hell necrosis" have b een seen in t h e
population of desert tortoises (Gopherus agassizli j on the Chuckwalla Bench Area, Riverside County, California.

In a retrospective review of kodachrome slides obtained from tortoises in this study area, the disease was
recognizable as early as 1 9 79 . O n O c t o ber 19 , 1 9 90 , f ou r t o rtoises with t his disease were collected at
Chuckwalla Bench. Grossly, the lesions appeared limited to the outer "keratin" surface of the scutes and while

the predominant lesions were seen on the plastron, the carapace and forelimb epidermal hard-parts were also
affected. On the plastron, lesions appeared to develop along seams of adjoining scutes, and spread toward the
center of the scutes. The lesions often had a white flaky appearance and were irregular in outline. No necrosis

was grossly visible and underlying dermal plates did not appear to be involved. On a gross level the lesions were
more consistent with a dyskeratosis rather than a necrosis. Tortoises were anesthetized with an intramuscular

injection of ketamine hydrochloride and blood samples were obtained from the jugular vein for packed cell
volumes and plasma biochemical determinations. Multiple biopsies of the shell lesions were obtained for
microbiological isolation attempts and histologic evaluation. No significant bacterial or fungal organisms were
isolated from these samples and biopsies are being processed for histopathology. Currently the exact cause(s)
and/or significance of this lesion are unknown.

325

HEALTH ASSESSMENT OF TORTOISES
Elliott R. Jacobson and Thomas J. Wronski
Abstract. Tortoises are difficult vertebrates to evaluate medically. Once pulled within their shell, prying
them out isoft en b eyond t h e c a pabilitiesof a magician. This is particularly truefor largetortoises. Still, various
injectable immobilizing agents such as ketamine and succinylcholine hydrochloride have been used to "relax"
these unwilling patients and allow the clinician to perform an examination. A t h o rough physical examination
is the starting point for evaluating condition of a tortoise. Starting with the integumentary system, the tortoise
is assessed. Of the various measurements that are easily obtained from tortoises, weight vs. carapace length
data have commonly been used to assess health status of a tortoise. V arious allometric equations have been

derived for different species and have been used to describe this weight to length relationship to healthy tortoises.
Still there are a number of problems with allometric equations that limit their usefulness. While tortoises which
deviate well below the line for the allometric equation of that species may be unhealthy, even those that fit the
line may not be healthy. Additional biomedical data are necessary to properly assess condition. At the Veterinary
Medical Teaching Hospital, University of F lorida, blood is ro utinely collected for h ematologic and plasma
biochemical profiles. Depending upon the problem, urine is also collected for analysis. Biopsies for diseased

organ systems should be obtained and histologically evaluated.
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EGG PRODUCTION AND HATCHING SUCCESS IN THE DESERT TORTOISE (GOPHERUS
A GA SS/Z//)
Michele Joyner-Griffith
Abstract. Egg production and hatching success of desert tortoise (Gopherus agassiziil was investigated
at Fort Irwin Study Site (FISS) in San 8ernardino County, California during 1990. Estimation of egg production

was ascertained by periodic X-raying of desert tortoises. Forty-seven females were collected and transported
from within a 4.2 km radius of the site to be X-rayed. Gravid females (n = 22) were released into a 60 m' predatorproof enclosure. After oviposition females were returned to their original collection site. Mean size and weight
of gravid tortoises was 220.1 mm and 2,131.8 g, respectively. M ean clutch size was 2.7. C l utch sizes were
negatively correlated with body size. Fifty-seven (96%l of the 59 eggs laid inside the enclosure hatched. Initial

sightings of neonatal tortoises were recorded during late August through mid-October. Estimated hatching
success is high relative to percentages reported in the literature. This may be related to the use of females to
transport eggs. On e neonatal death was observed during this period. N eonates were marked, weighed, and
shell morphology measured. M ean size and weight of neonates was 48.4 mm and 28.5 g, respectively.
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COLLAPSING ECOSYSTEMS AND TORTOISE CONSERVATION IN THE THIRD WORLD:
PROBLEMS AND PRIORITIES IN MADAGASCAR
James O. Juvik
Abstract. The classic convergence of a rapidly expanding, subsistence-level human population and a
limited and degraded resource base is nowhere more dramatically exemplified than on the island of Madagascar.
Here, the general problem of biodiversity conservation is further magnified by the "island syndrome," where
isolated insular ecosystems typically exhibit heightened vulnerability due to their comparatively small areal extent
and threats posed by an introduced, alien biota. The deciduous dry forest ecosystems of western Madagascar

have been dramatically reduced and fragmented over the past millennium of anthropogenic landscape change.
Grasslands and savannas, induced and maintained by elevated fire frequency and cattle grazing, today form the

dominant vegetation association in the western region. Two critically endangered endemic land tortoises, the
angulated tortoise (Geochelone yniphora) and the flat-tailed tortoise (Pyxis planicauda) are native to the western
dry forest and exhibit contracted and relict distributions, perhaps representing the combined influences of longterm environmental change and more recent human disturbances. Current international conservation efforts for

G. yniphora have centered on an integrated recovery plan that will emphasize captive breeding (and "headstarting") along with a "Landscape Ecology" approach to the management of mixed natural and cultural systems
in the Baly Bay region, including: p r o tected area designation, predator control (wild pigs) and local resident
involvement and benefit.
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THE IUCN/TORTOISE AND FRESHWATER TURTLE SPECIALIST GROUP (IUCN/TFTSG)
CONSERVATION ACTION PLAN: REPORT ON THE FIRST YEAR'S PROGRESS
Michael W. Klemens
Abstract. The IUCNITFTSG Action Plan for the conservation of tortoises and freshwater turtles was
adopted at the First World Congress of Herpetology, at Canterbury, U.K. in September 1989. In January 1990,
The American Museum of Natural History and the Durrell Institute of Conservation and Ecology joined forces
with IUCN to implement the Action Plan. Shortly thereafter, Conservation International and the Jersey Wildlife
Preservation Trust joined this coalition. T h e A c t ion Plan consists of over 50 individual projects designed to
reverse a worldwide turtle decline. In the first year of the project, approximately a third of the planned projects
have commenced with fund raising in progress, a third are in the planning stage, and a third have not yet been
activated. The A ct ion Plan, although comprised of many projects, may be divided into four major initiatives:
critically imperiled species, river turtles, tortoises, and species of i nsufficiently know n s t at us . T h e s e are
described as follows. A f e w s p ecies of turtle are in imminent danger of extinction unless vigorous recovery
programs are initiated. In Western Australia, only around 60 short-necked swamp tortoises remain, half of which
are in captivity . M a d a gascar's ploughshare tortoise has an estimated population of o nly s everal hundred
individuals. Recovery programs for these species are generally well-funded and include a variety of measures
such as captive breeding, habitat reclamation and restoration, and repatriation of captive bred stock. Large river
turtles constitute an important food resource in many countries. Unfortunately, these species have suffered from
over-exploitation of both adults and eggs in many parts of the globe. Recovery projects in areas as diverse as
the southern United States, Amazonia, Africa, Madagascar, Asia, and Papua New Guinea will focus on increasing
reproductive output and sustaining adult longevity to allow the harvest on a sustained yield basis. T hese are
complex, long-term projects, mostly in the planning stage, but a few are already operative. Tortoises suffer from
a variety of problems directly related to their slow maturity, low fecundity, and long reproductive life span. In
addition, they have greatly declined because of habitat loss, alteration, and fragmentation. C o llection for the
wildlife trade and the introduction of diseases have decimated some wild populations, Tortoises are among the
most popular of turtles, therefore survey and recovery projects for many species are funded and operational.
Insufficiently know n t u r tles and tortoises may be divided into tw o s u b-categories. M a n y s p ecies,
especially Asian and Neotropical forms, are known from only a few specimens and/or a few localities. Survey
work is needed to determine the current status of these species, i.e., are they rare and localized? Extinct? Secure
and widespread? Survey projects are planned; some are funded with operations expected to commence shortly.
However, despite the excellent return on dollars spent, most conservation agencies are reluctant to fund general
survey work, preferring to allocate their funds to specific species projects. In contrast, the distributions to other
turtles are well known, but there is little data on their current population status. A p r ime example is the bog
turtle, which is irregularly distributed in the Appalachian and Piedmont regions of the eastern United States.
Although bog turtles have been reported from many localities, they are declining throughout their range. Data
on habitat utilization, reproductive output, responses to h abitat alternation, and genetic viability of s m all
populations are urgently needed to construct recovery programs. F u nds are available for species found in

developed, affluent countries, but are usually lacking for those in developing nations.
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POPULATION PARAM ETERS OF DESERT TORTOISES REMOVED FROM TWO
THE LAS VEGAS VALLEY

SITES IN

Craig J. Knowles, Pamela R. Knowles and Peter Gulash
Abstract. Desert tortoises (Gopherus agassizii) were removed from two sites (518 ha
and 332 ha) in the Las Vegas Valley during the summer and fall of 1990. Both sites were fenced
with tortoise-proof fencing prior to removal. A t o tal of 236 tortoises (46/km') was located

on the larger site. In the same area, 592 active burrows and pallets were found (2.5 burrows
and pallets/tortoise). Size-age class distribution for these tortoises was 24% juvenile, 39%

immature, 7% subadult, and 30% adult. Males comprised 58% of the adults and subadults,
and females comprised 42% of these size-age classes. A total of 139 tortoises (42/km') was
located on the smaller site. In the same area, 609 burrows and pallets were found (4.4 burrows
and pallets/tortoise). Size-age class distribution for these tortoises was 21% juvenile, 29%

immature, 12% subadult, and 38% adult. Males comprised 57% of the adults and subadults
while females comprised 43% of these size-age classes.
INTRODUCTION
Most estimates of desert tortoise (Gopherus agassizil') densities are based on 60 day trend plots where
tortoises area captured, marked and recaptured. Trend plots are generally 2.6 km' and are searched twice during
a 60 day survey period (Berry 1984). D u ring the 60 day period, there is considerable movement of tortoises
on and off of the trend plot. Th us, the total number of tortoises marked may be inflated by this movement and
population estimates based on capture/recapture data may be biased if differential movement on or off of the
trend plot occurs.
In the summer and fall of 1990, we supervised the removal of tortoises from two sites in the Las Vegas
Valley. Both sites were fenced with tortoise-proof fencing prior to the removal effort. This presented an excellent
opportunity to estimate the minimum tortoise numbers on each site, assess size-age class distribution, and
determine six ratios. T his paper reports on the results of these two projects.

METHODS
The two project sites were located in the Las Vegas Valley. The Cosmo World project site was located
south of Las Vegas adjacent to the Sky Harbor Airport and occupied 518 ha. This site was situated on benches

and washes of the McCullough Range. Elevation on the site ranged from 710-813 m. The area was densely
littered with numerous dark basaltic rocks. T h e upland benches had only a very thin layer of soil and were
underlain by a thick layer of caliche. W ashes were comprised of deep layers of sand and gravel. V egetation
of the project site was dominated by creosote bush (Larrea tridentata) and burro bush (Ambrosia dumosa), with
some Mohave yucca (Yucca schidigera) at the higher elevations.
The Del Webb site was located west of Las Vegas on an alluvial fan at the based of the Spring Mountain

Range and occupied 332 ha. Elevation on the site ranged from 806 to 963 m. The soils of this site were composed
primarily of limestone gravels. These soils were underlain by a layer of caliche which was exposed along several
deeply entrenched washes. Vegetation on this project site was dominated by creosote bush and burrow bush,

although other shrubs such as joint fir (Ephedra sp.) and desert almond (/'runus fascicu/atus) were also common.
Mojave yucca was abundant throughout the project site.

A reconnaissance to assess each project site for tortoises was made prior to fencing of the sites and
removal of the tortoises. This reconnaissance consisted of a systematic survey of each site where all tortoises,
burrows, and pallets were noted of each site where all tortoises, burrows, and pallets were noted and recorded

on a map. The survey of the Cosmo World site was conducted in October 1989. This site was broken into
discrete geographic units and was searched one unit at a time. Search line spacing during the survey was 11
m. The Del Webb site was searched in January 1990 with a search line spacing of 8 m. T his site was gridded

at 305-m intervals and the survey proceeded one grid unit at a time.
The Cosmo World site was fenced during April and May 1990. T h is fence consisted of 5.1 cm mesh
chain-link fencing was apron of 1.2 cm mesh hardware cloth 0.9 m high. The bottom 0.4 m of this hardware

cloth was either buried in the soil where conditions permitted or where over caliche was bent outward and
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secured to the surface with complete coverage of rocks. The Del Webb site was fenced during June 1 990. This
fence consisted of 0.9 m high, 1.2 cm mesh hardware cloth with the lower half buried in the soil. The integrity
of this fence was compromised at several points by flash floods and off-road vehicle used prior to the removal
the tortoises. T his situation was rectified during the tortoise removal effort.
The removal effort at each site consisted of a systematic survey of the entire project area with searchers
walking 7 m apart. T h e r emoval effort at the Cosmo World site started on 24 J une 1990 and ended on 12
September 1990. The site was divided into four geographic units and the survey proceeded by each unit. Each
geographic unit was further divided into smaller parcels and these parcels served as the survey unit. The survey
crew at Cosmo World ranged from 6-15 people and was broken into teams of 3-5 people. The Del Webb site
was searched by grid unit. Grid units were aggregated into three larger blocks which served as units comparable
to the geographic units at Cosmo World. The survey proceeded by these larger blocks. The tortoise removal
effort at the Del Webb site was conducted from 13 September through 1 November 1990. T h e survey crew
at the Del Webb site ranged from 6-12 people and was broken into teams of 3-5 people. Searches at both the
Cosmo World and Del Webb sites continued until two passes through a unit yielded no tortoises.
A remotely operated miniature television camera was used to assess tortoise presence or absence in
burrows of adult and subadult tortoises. The camera was generally ineffective at probing burrows of smaller
tortoises. We were not allowed to excavate active tortoise burrows. Thus, we frequently found an active burrow
of a juvenile or immature tortoise but were unable to determine with certainty if the burrow was occupied. These
burrows were marked and monitored but the inability to excavate burrows contributed greatly to the labor needed
to remove tortoises from the site.
Tortoises located by our survey crews were removed from the site by Nevada Department of Wildlife
(NDOW) personnel. Handling protocol stipulated that tortoises could not be moved when the air temperature
exceeded 90 F ( 3 2 C) . T h i s u sually necessitated placing a fence around occupied burrows for pickup the
following morning. N DOW imposed a daily (but variable) collection quota (usually 5-10 tortoises, range 2-15)
which contributed enormously to the labor needed to remove all the tortoise. This was further compounded by
collections occurring only four days per week and the complete cessation of collections during two separate
weeks. During the initial searches of a survey unit, it was not uncommon to find more tortoises than could be
removed the following day. T h ese excess tortoises usually wandered off and had to be relocated on other
subsequent passes. A s a results, it became impossible to determine the actual number of tortoises found on

each pass.
Tortoises removed from the two sites by NDOW were measured, weighed, and examined for signs of
Upper Respiratory Tract Disease (URTD) (see Knowles et al. 1990). Sex was determined for subadult and adult
tortoises. Live tortoises were assigned to seven size-age classes: juvenile-1 (( 60 mm maximum carapace length
(MCL], juvenile-2 (60-99 mm MCL), immature-1 (100-139 mm MCL), immature-2 (140-179 mm MCL), subadult
(108-207 mm MCL) adult-1 (208-239 mm MCL), and adult-2 () 23 9 m m M C L).
RESULTS AND DISCUSSION
The tortoise removal effort on the Cosmo World site represented about 4,500 survey hours. A t o tal of
236 desert tortoises was located on the Cosmo World site. Minimum tortoise density was 46/km' and minimum
density for adult and subadult tortoises was 17/km' . T o r t oise numbers appeared to be suppressed along the
west boundary of the project site which bordered the Sky Harbor runway and within a 16 ha gravel pit also on
the west side. Other past land disturbances on this site which may have suppressed tortoise numbers included
two small (2-ha each) gravel pits and a gravel road which transected the site from the north to the south. Thus,
the density of tortoises on this site does not represent an undisturbed population. Th e high density of rocks
on the site, however, minimized recreational use of this area.
Size-age class distribution for these tortoise was 24% juvenile, 39% immature, 7% subadult, and 30%
a dult (Fig. 1). The juvenile-2 size-age class was much more abundant than the juvenile-1 size-age class. W e
attribute this to the fact that the juveniles under 60 mm are difficult to locate. M any of the juveniles found on
this project site were seeking shelter under the larger rocks and did not create any obvious tortoise-shaped
burrows. Three nests with hatchlings were found in late August, early September 1990. The immature-1 sizeage class was the most abundant size-age class of tortoises on the project site. Over 60% of the tortoises on
the project site were under 180 mm MCL.
Males comprised of 58% of the adults and subadults, and females comprised 42% of t hese size-age
classes. Adult-2 females were less abundant than adult-2 males and adult-1 females were more abundant than
adult-1 males. T his distribution suggests that adult females in this area do not grow as large as males.
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SIZE-AGE CLASS DISTRIBUTION
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Figure 1. Size-age class distribution of tortoises found at the Cosmo World porject site, Las Vegas, Nevada, 1990. The
sex ratio of juvenile and immature tortoises is assumed even.

During the October 1 989 survey, 592 active burrows and pallets were found on this site. This represents
about 2.5 burrows and pallets/tortoise. O nly 3 3 t o rtoises were observed during the October 1990 survey.
Eighty-eight percent of these were adult and subadult tortoises. Several of the tortoises were observed in caliche
dens indicating that tortoises were entering a state of dormancy during this survey; four were judged (see Berry
and Woodman 1984) to be less than one year since time of death, four were judged to be 1-2 years since time
of death, nine were judged to be 2-4 years since time of death, and 18 were judged to be more than four years
since time of death.
The tortoise removal effort at the Del Webb site represented about 3,000 hours of tortoise survey time.
A total of 139 tortoises was located on the Del Webb site during this time period. Minimum density of tortoises
w as 42/km' and minimum density of adult and subadult tortoises was 21/km' .
The Del Webb site had received considerable off-road vehicle use in recent years. T h is use included
recreationist, surveyors, and 1 bulldozer used to establish a network of drilling pads and to dig a test pit. Several
of the tortoise carcasses found during the January 1990 survey were located in and adjacent to vehicle trails
possibly indicating the tortoise population on this site was subjected to mortality due to off-road vehicle use.
S ize-age class distribution for t o rtoises removed from th e Del Webb site wa s 2 1 % j u v e nile, 29 %
immature, 12 % s u badult, and 38 % adult (Fig. 2). T h e a dult-1 and adult-2 size-age classes were the most
abundant size-age classes on this project site. A p proximately one-half of the tortoises found were under 180
mm MCL. There was clear evidence that tortoises were entering winter dormancy during the latter part of this
removal survey. T o r toises were entering caliche dens and as many as 6 tortoises were removed from 1 den.
Generally, adult and subadult tortoises were removed from these dens. These dens were easy to locate and there
is an obvious selective bias towards larger tortoises with the fall removal effort at the Del Webb project site.
Comparison of the size-age class distribution from the fall 1989 survey on the Cosmo World removal survey
indicates just how extreme this bias may be.
Males comprised 57% of th e adults and subadults while females comprised 43% o f t h ese size-age
classes. Similar to the Cosmo World site, adult-2 females were less abundant than adult-2 males and adult-1
females were more abundant than adult-1 males. This distribution suggests that adult females in this area do
not grow as large as males.
The January 1990 tortoise survey on the Del Webb site results in locating 609 burrows and pallets (4.4
burrows and pallets/tortoise), ten tortoises (90% adult and subadult) and 40 carcasses. The distribution of time
since death for these carcasses was three less than one year, six at 1-2 years, one at 2-4 years, and 28 greater
than four years.
All tortoises found at both sites were inspected for signs of Upper Respiratory Tract Disease (URTD).
None of the tortoises found at the Cosmo World site showed signs of URTD. Five tortoises (4%) at the Del Webb
site displayed symptoms of URTD. T his low incident of infection at both sites, and the number of carcasses
and their distribution of time since death would suggest that URTD had not been a major cause of mortality at
either site in recent years.
Number of passes required to achieve two clear passes past the last tortoise at the Cosmo World site
ranged from 5-11 for the four geographic units. The Del Webb site required six passes to achieve two clear passes
beyond the last tortoise. D i f f erences in habitat between the tw o s ites and timing of th e surveys probably
accounted for the lesser effort required to remove tortoises at the Del Webb site. The numerous dark basaltic
rocks at the Cosmo World site created a complex search environment and provided opportunities for small
tortoises to hide. The search environment at the Del Webb site was not nearly as complex. The Cosmo World
removal effort took place during the heat of the summer and tortoises were very active during this period. The
Del Webb removal effort took place during fall as daily temperatures were declining. This concentrated adults
and subadults in easily located dens, but probably resulted in many of the smaller tortoises being overlooked
due to inactivity.
The percentage of juvenile and immature tortoises at the Cosmo World site is considerably higher than
that recorded at other sites in the California Mojave Desert (Table 1). T h e De l Webb site also had a high
percentage of juveniles and immatures when compared with other California sites, and might have been even
higher had the removal effort taken place during spring or summer. T h e h igh percentage of juveniles and
immature tortoises in the two populations may be attributed to several factors: 1) the populations may have been
vigorous and growing; 2) the repeated searches of the same areas appeared to increase the likelihood of finding
small tortoises; and 3) it is also possible that the numerous rocks at Cosmo World provide the habitat needed
for high survival of juveniles and immatures. In addition to providing hiding cover, these rocks also served as
watering sites. Several of the juvenile tortoises at the Cosmo World site were found during or right after rain
showers drinking water from depressions in the basaltic rock.
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F igure 2. Size-age class distribution of tortoises found at the Del Webb project site, Las Vegas, Nevada, 1990. T h e
sex ratio of juvenile and immature tortoises is assumed even.
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Table 1. Comparison of size-age class distribution of tortoises from the Cosmo World and Del Webb sites with
size-age class distributions of tortoises from six sites in California. (Comparison data are in Berry et al. 1986a,

1986b)
Site

% Adults and Juveniles

% Juveniles and Immatures

Cosmo World

37

63

Del Webb

50

50

Fremont Peak
1977
1980
1985

53
63

89

47
37
11

Kramer Hills
1980
1982

58
51

42
49

Chemehuevi Valley
1979
1982

54
48

46
52

Chuckwalla Bench
1979
1982

58
68

42
32

DTNA Interior
1979
1982

73
79

27
21

DTNA Visitor Center
1979
1985

68
81

32
19
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SIX YEARS OF ARMY TRAINING ACTIVITIES AND THE DESERT TORTOISE
Anthony J. Krzysikand A. Peter Woodman
Abstract. T he d i stribution and d ensity of t h e d e s ert t o r toise at F o rt I r w i n ,
California were compared between 1983 and 1989. I n the six years between tortoise

surveys, there were 1265 training-days at Fort Irwin, representing 7.5 million soldierdays and 2.75 million vehicle-days. Habitat degradation was already severe in 1983,
particularly in the two large valleys where the major "force-on-force" battle scenarios are

conducted, and by 1989, shrub cover further decreased by 69% in the southern valley.
Shrub cover decreased by 67% on the lower bajada, and by 51% on the high bajada in
the same valley.
I ncreased fragmentation of tortoise populations was evident in 1 9 89 , w h e re
99% of Fort Irwin tortoises lived on 35% of the landscape. Eight population pockets
of tortoises were located in 1989, containing 83% of the fort's tortoises and occupying

14% of the fort's area. Five of these populations possessed statistically similar densities
in 1983, two populations increased in density, and one decreased. Of the five population
d ensities that exhibited stability, two occurred along the fort's boundaries, two w e r e
isolated on high bajadas, while the remaining one was found in Goldstone, a NASA/JPL
installation that is off-limits to Army training activities. The population that decreased

was located on a bajada in one of the main training areas. The population that possessed
a statistically greater density in 1989 was located along the southern boundary of the
fort where tactical vehicle activity has been light, the habitat is of h igh quality, and
adjacent BLM lands possess high tortoise densities. A t o r t oise population found in a
multipurpose live-fire range, that is off-limits to tactical vehicles, also possessed a higher
density in 1989 than in 1983. In 1983, tortoise density was low in the two main valleys

used for training exercises, and by 1989 tortoise density decreased an additional 62%.
Training scenarios have increased dramatically in the northwestern portion of the fort
since 1985, and in this area tortoises have declined by 81%. The difficulties encountered
in statistical comparisons of tortoise surveys is discussed.
INTRODUCTION
Site and Setting
Fort Irwin is located in San Bernardino County in southeastern California, about 65 k m n o rtheast of
Barstow. Most of the land surrounding the fort is public land managed by the Bureau of Land Management IBLM).
The western boundary is adjacent to China Lake Naval Weapons Test Center (Mojave B Ranges). The southern
boundary of Death Valley National Monument is close to the northeast boundary of the fort. Fort Irwin is in the
Basin and Range geologic province. Structural features of the landscape formed in the Cenozoic about 40 million
years ago from movements related to the San Andreas and Garlock faults.
Physiographically Fort Irwin is located in the central Mojave Desert. This region is characterized by
rugged block faulted mountain ranges separated by alluvium-filled basins. The basins consist of broad valley
plains, gentle sloping bajadas (ancient coalesced alluvial fans), and rolling hills with low relief. The lowest basins

form playas or dry lake beds. The eroding mountains produce talus slopes, boulder fields, and rocky or gravelly
alluvial fans which merge into the sandy soils and fine gravels of bajadas and plains. A dominant visual feature
of the landscape, especially impressive from an aerial view, are the extensive and complex dendritic networks
of canyons, arroyos, and washes. Washes often form extensive networks of braided channels on bajadas with
low relief. Other common features of the landscape include rolling hills with gravelly or rocky substrates, highly
fractured boulder ridges, rugged boulder/rock outcrops of granite or volcanic basalt, and sand dunes. Springs
and seeps are uncommon occasional features of the Mojave Desert landscape.

Five mountain ranges or portions of them are located within the boundaries of Fort Irwin: Granite, Tiefort,
Avawatz, Quail, and Paradise. The foothills of three additional mountain ranges fall along the fort's boundaries:

Alvord, Soda, and Owlshead. Approximately 60% of Fort Irwin consists of bedrock at or near the surface. The
remaining 40% is underlain by alluvial and lacustrine deposits.
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Background
Fort irwin consists of three management units. The National Training Center (NTC), the Goldstone Deep
Space Communications Complex, and Leach Lake Bombing Range (Fig. 1). Fort Irwin is 2600 km' in area (1004
mi'), about the size of Rhode Island. The Goldstone complex (135 km*) is leased and operated by the National
Aeronautics and Space Administration (NASA) and the Jet Propulsion Laboratory (J PL). The Leach Lake Bombing
Range (369 km') is leased to George Air Force Base.
The War Department w it hdrew public lands in 1940 and established the Mojave Army A nt iAircraft
Range. The installation was renamed Camp Irwin in 1942, and during this period General George S. Patten's
armored division of the Third Army trained at the installation and elsewhere in the California Desert. The post
was placed on surplus status in 1947, but was reactivated in 1951 for training troops during the Korean conflict.

Camp Irwin was redesignated 1 August 1961 as the Fort Irwin Armor and Desert Training Center. Between 1972
and 1980 it was used as a training area for the California Army National Guard. Fort Irwin was selected as the
Army's National Training Center in August of 1979. The first NTC training exercise took place 13 April 1981,
while the official reactivation ceremony was held 1 July 1981. NTC's massive force-on-force training exercises
did not begin until 17 January 1982. A t present the California National Guard occasionally trains on weekends
between scheduled NTC training rotations. T h e refore, before the NTC became established, the Fort Irwin
landscape was subjected to 35 years of military training activities.
Goldstone is off-limits to Army training activities, but a tank trail was constructed in 1985 that bisects
most of the installation. Vehicle use by Goldstone personnel is confined to paved and maintenance roads. Off-

road vehicle use is minimal since public access is denied. However, Army tactical vehicles occasionally stray
off the Goldstone tank trail. The Leach Lake Bombing Range is continually used for Air Force live-bomb practice,
and is therefore off-limits for ground use because of the high risk of unexploded ordinance. Military and civilian
personnel working near the bombing range have reported detonations induced by rapid atmospheric temperature
changes.

Typical NTC rotational training exercises consist of realistic war games and battle scenarios where
American forces, represented by visiting rotational units, engage enemy forces (stationed NTC personnel) with
both sides using eye-safe computer encoded laser beams to simulate bullets, missiles, and artillery projectiles.
All tactical vehicles and soldiers are equipped with multiple sensors to quantify laser hits. Al l components of
the exercises including laser fire and hits are directly incorporated into an extensive computer network, which
analyzes in detail tactical strategies and results. A n o t her major component of a rotational group's training

responsibilities is the live-fire exercises employing both stationary targets and automated moving and pop-up
targets, A l l w e apons systems are used: small arms fire, armored vehicle cannons and automatic weapons,
mortars, grenades, and anti-tank missiles. Two books are available describing actual battles and the rotational
training exercises at the NTC (Bolger 1986, Halberstadt 1989).
Figure 2 shows the intensity of the Army training mission at Fort Irwin on the bases of annual tracked

vehicle days since the initiation of NTC training scenarios. Note the steady linear increase in training intensity
since 1981. T r acked vehicles include tanks, armored personnel carriers and armored fighting vehicles like the
Bradley. The ratio of wheeled to tracked vehicles is approximately 3:1. Figure 3 shows the cumulative increase
in the number of tracked vehicles used at the fort. N ote the geometrical increase in training intensity between
1981 and 1989.
During the summer of 1983 a desert tortoise survey was conducted on Fort Irwin (Woodman et al. 1 986).
In 1986 Fort Irwin possessed five impact areas: Leach Lake, Langford, Nelson, Lucky Fuse, and Gary Owen (Fig.
1), and these were not surveyed because of the hazards of unexploded ordinance. The results of the 1986 study
are shown in Figure 4. T w o p o pulation concentrations of tortoises, in terms of both area of distribution and
density, were found along the southern border of Fort Irwin, and on the south bajada of the Granite Mountains.
These populations were assumed to have extended into nearby impact zones: Langford in the south, and Lucky
Fuse and Nelson along the Granites. O t her smaller and less dense populations could be observed, but were
already exhibiting fragmentation. M o untain ranges form natural dispersal and genetic barriers, but as of 1983
habitat degradation was extensive in the major valleys from 35 years of military training activities, and the
resulting low cover of perennial vegetation also presented a barrier for tortoises.
During the summer and fall of 1989, a desert tortoise survey was repeated on Fort Irwin. The objectives

of the survey were to: 1) establish the current distribution and density of the tortoise on Fort Irwin, 2) compare
1983 and 1989 tortoise distribution and density patterns to evaluate what effect the establishment of the NTC
and its extensive increases in training activities were having on tortoise populations, and 3) determine the status
of the tortoise in the previously unsurveyed impact zones, since the NTC's four impact areas were cleared of

hazardous ordinance in 1984 and 1985.
Eighty-four rotational training exercises were conducted at the NTC between the 1983 and the 1989
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Figure 1. Fort irwin; with the locations of Goldstone Deep Space Communications Complex, Leach Lake Bombing Range,
playas, and thefour NTC Impact Zones: Langford, Nelson, Lucky Fuse, and Gary Owen.
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Figure 2. Annual impact of tactical tracked vehicles (tanks, APCs) at the NTC.
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Figure 3. Cumulative impact of tactical tracked vehicles at the NTC. Note the geometrical increase since the start of
the NTC.
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t ortoise surveys. T h i s t r aining effort c onsisted of: 1 , 26 5 t r aining days; 7, 5 9 5 , 313 m a n-days; 2,0 8 0 , 9 9 7
wheeled vehicle-days; and 681,798 tracked vehicle-days. This represented 87% of all NTC training exercises
conducted from the first rotation in 1981 through 1989. The National Guard training effort at the NTC was not
included in these figures, since it represented an insignificant portion of activities.
METHODS
Tortoise surveys were conducted in identical fashion in 1983 and 1 98 9 u sing the standard method
adopted by BLM (Berry and Nicholson 1984). The method consisted of looking for tortoises and their sign along
ten yard (9.1 m) wide strip transects. Each transect was 1.5 miles (2.4 km) long, and represented an equilateral
triangle 0.5 mile on a side. W ith experience, and the use of a tally counter, it is remarkable how accurate this
transect pattern can be replicated. I n r u g ged topography, the use of a S u u nto sighting compass ensured
accuracy and consistency in conducting surveys with triangular transects. E f f ort w a s t a ken to place each
transect in u n iform an d r e presentative habitat. T h e l a y out o f t r a nsects on t h e l a ndscape was p r imarily
determined by habitat suitability and the desire to sample as much of Fort Irwin as possible considering personnel
and time constraints. A r e as of u n suitable habitat for the desert tortoise that w ere not s urveyed included:
mountainous terrain, playas, developed areas, and areas so s everely degraded by t r a ining activities that
vegetation was almost completely absent and soil compaction was evident. A l t h o ugh many transects were

surveyed in heavily degraded training areas, it was visually apparent that some areas were so badly damaged
that only minimal sampling was necessary. Leach Lake Bombing Range was not surveyed.
All tortoise sign observed within each transect band was recorded as total sign. For each transect, total
sign was converted to adjusted sign. A djusted tortoise sign represents unambiguous and independent counts
of burrows, pallets, and seats. S u rveys were conducted during the summer, and sometimes in the fall, since
maximum tortoise sign was available after their peak of activity in the spring. The presence, and more importantly
the observation of these three signs, is independent of weather and time of day. The above-ground activity of
tortoises is strongly dependent on weather (especially temperature), time of day, season, and temporal and
spatial precipitation patterns. T h e refore, if active tortoises were counted as sign on a transect, sign count

comparisons among transects would be highly biased by inherent variations in the above parameters. Carcasses
and bone fragments also represent biased sign, since these can be relocated by predators, scavengers, or
humans. To rtoise tracks and courtship rings are dependent on soil type and texture, and are therefore easily
obscured by rainfall and wind . T h e o b servation of seats and burrows is not w i t h out bias, since soil color,
substrate texture, vegetation type and density, litter cover, topography and aspect, and even sun angle affect
detectibility, Burrows and pallets that were collapsed or deteriorated were not counted as sign. The final criteria
for deriving adjusted sign counts was to delete nonindependent signs found within ten paces of one another.
For example, regardless of how many seats of the same size and age were found within ten paces, they were
counted as a single adjusted sign. Seats had to be of different sizes or ages to be counted as independent events.
Large numbers of seats were often associated with a burrow, and were therefore treated as a single adjusted
sign. If t w o o r m ore burrows occurred within ten paces, the adjusted sign was two, since male and female
tortoises often use separate burrows during courtship.
Adjusted sign was c onverted to estimated tortoise density in the f o llowing manner. E ac h t o rtoise
surveyor conducted identical surveys in calibration plots of known tortoise distributions and densities. These
were the one sq mi BLM study plots where an intensive effort has been conducted to locate and mark all tortoises
and their burrows on the plots. The mark-recapture Lincoln Index technique gave a reliable estimate of the actual
tortoise density on each calibration plot, and detailed locations of tortoises and their burrows were mapped and
available for each plot. Surveys of the calibration plots were conducted in the following manner. Six standard
tortoise transects were surveyed in each sq mi BLM plot. The triangular transects were centered on the following
six compass bearings: north, east, south, west, northwest, and southeast, with an apex of the triangle located
at the center of the plot. It was assumed that burrow distribution throughout the plot was directly proportional
to local tortoise density. Each of the six survey transects was assumed to directly survey a 1/4 mi' section of
the calibration plot, and since the proportion of burrows in the 1/4 section was known relative to the entire plot,
a direct estimate of the number of tortoises in the 1/4 section was available. A linear regression analysis, forced
with a zero intercept, with tortoise densities in the 1/4 mi' sections as the dependent variable versus adjusted
tortoise sign counts as the independent variable, produced the desired calibration coefficient. Each BLlyl plot

produced six pairs of data points for the regression. Three calibration plots were used to estimate the calibration
coefficient. S i nce the detection of tortoise sign is a function of an individual's experience and observational
abilities, it is standard procedure to calculate a calibration or detectibility coefficient for each surveyor involved

in the project. Experienced tortoise surveyors possess lower coefficients. The estimate of tortoise density
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(number/mi') for a given survey transect on Fort Irwin was the product of the adjusted sign count for the transect
and the calibration coefficient of the individual surveying the transect. This method represents an estimate of
tortoise density on a 1/4 mi' patch of landscape, and not the direct relationship to the survey of the calibration
plots.
The 1983 survey effort consisted of 255 transects. This effort was sufficient to establish the general
distribution pattern of the tortoise on Fort Irwin and produced estimates of tortoise abundance. Since tortoise
densities were anticipated to decline since 1983, and the cleared impact zones added additional land area to the
survey, we felt that at least a 50'k i n crease in survey effort was needed for the 1989 survey, which is 383
transects. I n actuality, 406 transects were surveyed at Fort Irwin and its boundaries during 1989.
The 1983 desert tortoise survey at Fort Irwin was conducted between 26 July and 11 August by Peter
Woodman (88 transects, Calibration Coefficient = 12.8); Karen Kirtland (84, 13.7); and Steven Juarez (83,
14.1); N =255 . T h e c alibration plots used to obtain these coefficients were the BLM plots at Kramer (185
tortoises/mi'), and Fremont Peak (87/mi*). Each plot was surveyed once by each individual, yielding 12 pairs
of regression points for each individual.
The 1989 desert tortoise survey at Fort Irwin was conducted between 24 July and 5 November by Peter
Woodman (235 transects, 12.5); Anthony Krzysik (136, 12.5); and Gilbert Goodlett (35, 18.8); N = 406. T h e
calibration plots used to obtain these coefficients were the BLM plots at Stoddard Valley (178 tortoises/mi'),
Lucerne Valley (151/mi*), and Fremont Peak (32/mi'). W o o d man surveyed the calibration plots three times,
Krzysik twice, and Goodlet once. An analysis of covariance indicated that Woodman's and Krzysik's estimated
calibration coefficients were statistically similar (P ) 0 . 7 ) , and both investigator's data were combined in the
regression to calculate the calibration coefficient of 12.5.
Distribution and density patterns on Fort Irwin were determined in the following manner. Each tortoise
transect surveyed in 1983 and 1989 was plotted on Fort Irwin military topographical maps and assigned an
identification number, its corresponding adjusted tortoise sign, and UTM map coordinates. Separate maps were
developed for 1983 and 1989. Th e maps were visually inspected to determine spatial distribution patterns of
tortoise populations on the basis of adjusted tortoise sign for each of the survey periods. Through this inspection
process, tortoise populations or pockets of to rtoise presence were easily identified and delineated by UTM

coordinates. The boundaries of these identified populations were: natural topographical features which lack
tortoise habitat (essentially mountains and playas); developed areas; the boundaries of the fort; and areas where
surveyed transects indicated an abrupt change in adjusted tortoise sign, or more typically, the absence of sign.

The spatial areas occupied by these delineated tortoise populations will be referred to as "SITES" in this report.
Estimated tortoise densities in 1989 sites were statistically compared to 1983 density estimates by contrasting
identical portions of the landscape. H o w ever, two of the 1989 tortoise sites contained portions of off-limits

impact zones that could not be surveyed in 1983. Therefore, the impact zone portions of the respective areas
were deleted when statistical comparisons were made. Comparisons between the two sampling periods were
also made for four large portions of the fort that contained impacted tortoise habitat.
Tortoise densities were estimated for each site by calculating the mean and its standard error from all
survey transects located within the boundaries of each respective site. The method used here to estimate tortoise

densities in the landscape differs from that used by Woodman et al. (1986). Woodman et al. "eyeballed" pockets
of high tortoise sign, and calculated local tortoise densities from these high-count transects. The rationale used
in the present study locates larger areas of continuous habitat, whose area can be delineated from adjacent

habitat patches that are either unsuitable for tortoises or possess a sharp gradient in tortoise sign counts. This
method gives more realistic density estimates over larger portions of the habitat, and additionally can be used
for statistically valid trend analysis. In localized areas, this technique is expected to yield lower density estimates

than the Woodman et al. method, particularly where they reported high densities. However, a comparison of
both methodologies for the 1983 data set revealed that they both generated similar results.
The standard method for conducting tortoise surveys innately produces high variability in tortoise sign

counts among transects, even those sampling the same population. This is because tortoise sign is very patchy
in distribution and infrequently encountered. Tortoise distribution is also very patchy on a landscape basis for

both high and low density populations. This high sampling variance combined with small sample sizes makes
the statistical analysis "very conservative." T h e result is that the null hypothesis is rejected (a statistically
significant difference is f o und) only w h e n v ery large obvious differences are found .
S a m p l e sizes were
particularly small in the 1983 survey. T h erefore, when the analysis showed that a significant difference was
found between 1983 and 1 989 t o rtoise densities, one could be confident that the difference was realistic.
However, when no significant difference was found, and population means differed appreciably, interpretation

became tenuous. Additionally, small sample sizes may dramatically underestimate a dependent variable (like
density), if the values of the independent variable are based on rare events (e.g., tortoise sign counts where
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tortoise density is low).
It should be emphasized that the present "accepted" transect method for estimating tortoise densities
may dramatically underestimate actual tortoise densities, particularly in areas where populations are less than
50 tortoises/mi'.
S ite comparisons between 198 3 an d 1 98 9 w e r e done using analysis of v ariance (ANOVA). T w o
independent analyses were conducted, one on the natural log transformed transect estimate of tortoise density,
the other on square root transformed counts of adjusted tortoise sign. The actual transformations used were:
TD = Ln(TD+ 1) and ATS = SQR(ATS+ 0.5) (Sokal and Rohlf 1969). These transformations were used because
the data did not meet parametric assumptions of normality and homoscedasticity (homogeneity of variances),
and counts of rare events are Poisson distributed. Both analyses yielded similar results. S Y STAT (Wilkinson
1988) was used for all data analyses.
RESULTS
Status of the Desert Tortoise on Fort Irwin - 1989
Eight populations or pockets of the desert tortoise were located on Fort Irwin in 1989 (Fig. 5). Figure
6 gives the estimated tortoise densities for these sites. F our of these populations represented isolated gene
pools. Extensive loss of perennial woody vegetation, attributed to Army training activities was the primary cause
of the fragmentation, but isolation was reinforced by mountain ranges.
The most extensive and highest density tortoise population on Fort Irwin is the SL site. This site is 140
km', 4-5 km in w idth, and is located along the southern boundary of the fort between Fort Irwin Road and a
volcanic basalt uplift to the east, known as the "Whale." T his population is contiguous with tortoises south,
southeast, and southwest of Fort Irwin on BLM lands. The mean tortoise density in this area was 61 tortoises/
m i' .

Two other populations were located at the perimeter of the fort. T h e southwestern tip of Fort Irwin
contained localized pockets of tortoises. This is the SW site, which occupies 26.3 km*, and contains 21 tortoises/
mi'. This population remains in some contact with the large SL population across Fort Irwin Road to the east,
but contact with populations on adjacent BLM land is limited, since the Paradise Range lies just southwest of
the fort. Good tortoise habitat with a high population density can be found south and west of the Paradise Range
(Krzysik, unpublished data). S it e E is located along the eastern boundary of Fort Irw in, and is also directly
contiguous to tortoises on BLM lands. This site is a 2 km-wide band and 36 km' in size. Estimated tortoise density
w as 14 mi' .
Only one tortoise population was located in Goldstone, site GO, south of Goldstone Lake. The size of
this area is 21.2 km', and the tortoise density was 55/mi'. Th e tortoise density on an equal-sized area directly
south of the GO site on adjacent Bl M lands was 50/mi*.
Three isolated populations were located on high bajadas against mountain ranges and encircled by severe
habitat degradation. The T site was primarily located in the bowl shaped region at the northeast edge of the
Tiefort Mountains. S ite T occupies 20.5 km* and contained 25 tortoises/mi'. T h e GE site (34 km') is on the
south bajada of the Granite Mountains, east of the Lucky Fuse impact area, and extends about 3 km from the
Granites, The tortoise density was 36/mi*. A n o ther site (GW) is located on the south bajada of the Granites,
west of the main road through Granite Pass, and extends into the northern portion of the Nelson impact area.
This site is 1-3 km w ide, occupies 55.5 km', and possessed 17 tortoises/mi'.
Another relatively isolated site (F) is located against the hills that form the northern buffer zone to the
Multipurpose Range Complex located off Goldstone Road, just east of Goldstone. Tortoise surveys throughout
this live-fire complex indicated that tortoises were present at an estimated density of 27/mi*. The F site occupies

28 km'.
Sixty-two live tortoises, carcasses, bone fragments, or scutes were found on the 406 tortoise transects
surveyed in 1989 (Table 1). Only three tortoises were seen active on the surface. This is not surprising since
the peak of tortoise activity is in the spring, particularly after adequate winter rainfall. Tortoises-activity levels
are very low in the summer and fall, unless there is appreciable precipitation at this time. Both 1988 and 1989
were drought years. Fifteen tortoises were found inactive in their burrows, and 44 carcasses, bone fragments
or scutes were located. Seventy percent of the tortoise carcasses were found crushed and disarticulated, Of
these crushed carcasses, 74% (23 of 31) were found in tank tracks, and one was found on a road, A l t hough
this is evidence of direct mortality by tactical vehicles, it cannot be surmised what proportion of these tortoises
were alive when they were crushed.
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Figure 5. Distribution of the eight desert tortoise populations (sites) at Fort Irwin in 1989. Note the locations of mountain
ranges and impact zones. The light stippled areas are the eight tortoise sites, and the heavy stippled areas represent
playas.
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Table 1. Summary of the number of live tortoises and tortoise carcasses found on 406 tortoise survey transects
a t Fort irwin in 1989 .
Desert Tortoise
Number
Total
LIVE

Active on surface

3

Inactive in burrow

15
18

CARCASS

Crushed and in tank tracks
Crushed - disarticulated

2317

Crushed on road
Death unknown
Bone fragements or scutes
Raven predation

5
6
2
44

SUM

62

Desert Tortoise 1983-1989 Density Comparisons
Site SL possessed a higher tortoise density in 1989 compared to 1983 (Fig. 7). There was no statistical
difference in estimated tortoise densities between 1983 and 1989 in five of the eight tortoise sites. These are
sites: SW, E, GO, T, and GE (Figures 8-12). As a matter of fact, although not significant, estimated mean tortoise
densities were higher at all these sites in 1989. C o m parisons at sites GW and F yielded borderline statistical
significance (Figures 13-14), although there was an appreciable difference between their respective means. On
the basis of their means, site GW's 1989 population was 47% lower than in 1983, while site F's 1989 tortoise

population was 300% higher than in 1983.
Tortoise densities were also compared atfour large portions of the fort (V, NN, NS, and C). These areas
are subjected to off-road tactical vehicle use, and tortoise populations were already low in density (12 tortoises/
m i' in the main training areas represented by sites V, NN, and NS), and exhibited fragmentation in 1983. S ite
V (221 km') includes the large southern and central valleys in Fort Irwin east of Fort Irwin Road up to site E in
the east. These valleys are the main training areas of the NTC. Tortoise densities declined by 62% at this site
between 1983 and 1989 (Fig. 15). Similarly over this time frame, tortoise densities declined by 81% in the
northwestern portion of the fort (site NN, 119 km', Fig. 16). T his site represents the area north and west of

Nelson Lake and west of Nelson impact area. There was no significant difference in population densities at site
NS (63 km') between the two surveys (Fig. 17), but the 1989 estimated mean was 25% lower. T his area is
located just south of the Nelson impact area, approximately midway between the impact area and the cantonment
area, just north of the low volcanic range running southeastward out of Goldstone. S ite C (64 km' , Fig. 18)
includes the area south of the cantonment area, west of Langford Lake and north of site SL. Although the 1989

estimated tortoise density was 95% higher than in 1983, the difference was not significant.
On the basis of estimated tortoise densities and the size of the area occupied by the delineated sites,
it was possible to estimate the total number of tortoises present on Fort irwin. Leach Lake Bombing Range was
not included in this analysis. An assumption was made that a third of the fort's unsuitable or poor tortoise habitat
possessed a tortoise density of 0.5 tortoises/mi'. T h is area of 1318 km' yielded a total of only 84 tortoises.

The total number of tortoises estimated to occur on Fort Irwin was 6597 x 1285 individuals.
Based on the above data, 99% of Fort Irwin's tortoise population occurred on 35% of the landscape;
83% of the tortoises occurred on 14% (the eight tortoise sites); while 50% occurred on only 5% of the fort (site

SL).
DISCUSSION
Desert tortoise populations on Fort Irwin that are located close to the boundaries of the fort, or high on
bajadas against mountain ranges, or in areas of the fort receiving little or no use by tactical vehicles have

maintained population stability despite six years of intense NTC training exercises. On the other hand, tortoise
populations that are located in valleys and on bajadas which are used extensively by tactical vehicles, during
NTC's rotational training exercises have significantly declined.

The valleys and bajadas of Fort Irwin, south of the Granite Mountains and east of Goldstone, historically
contained appropriate habitat for the desert tortoise, and this species undoubtedly possessed a continuous

348

South Site
100

Tortoise Density (Numlsq mi)

80
60
40
20
0

83

89

Year
Figure 7. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified in
Figure 5, and at four additional tortoise habitats on the NTC. The histograms represent means, and the vertical bars
give standard errors of the respective means.
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Figure 8. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified in
Figure 5, and at four additional tortoise habitats on the NTC. The histograms represent means, and the vertical bars
give standard errors of the respective means.
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Figure 9. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified in
Figure 5, and at four additional tortoise habitats on the NTC. The histograms represent means, and the vertical bars
give standard errors of the respective means.
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Figure 10. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified
in Figure 5, and at four additional tortoise habitats on the NTC. The histograms represent means, and the vertical bars
give standard errors of the respective means.
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Figure 11. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified in Figure 5, and
at four additional tortoise habitats on the NTC. Th e histograms represent means, and the vertical bars give standard errors of the
respective means.

Granite East
50

Tortoise Density (Num/sq mi)

40
30
20
10
0

83
Year

Figure 12. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified
in Figure 5, and at four additional tortoise habitats on the NTC. The histograms represent means, and the vertical bars
give standard errors of the respective means.
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Figure 13. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified
in Figure 5, and at four additional tortoise habitats on the NTC. The histograms represent means, and the vertical bars
give standard errors of the respective means.
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Figure 14. C omparisonsof estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified
in Figure 5, and at four additional tortoise habitats on the NTC. The histograms represent means, and the vertical bars
give standard errors of the respective means.
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Figure 15. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified
in Figure 5, and at four additional tortoise habitats on the NTC, The histograms represent means, and the vertical bars
give standard errors of the respective means.
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Figure 16. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified
in Figure 5, and at four additional tortoise habitats on the NTC. The histograrns represent means, and the vertical bars
give standard errors of the respective means.
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Figure 11. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified
in Figure 5, and at four additional tortoise habitats on the NTC, The histograms represent means, and the vertical bars
give standard errors of the respective means,
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Figure 18. Comparisons of estimated tortoise densities between 1983 and 1989: at the eight tortoise sites identified
in Figure 5, and at four additional tortoise habitats on the NTC. The histograms represent means, and the vertical bars
give standard errors of the respective means.

distribution throughout most of the fort, exclusive of mountains, playas, and local areas of unsuitable soils. By
1983, Fort Irw in's t o r toise population already exhibited a patchy distribution in th e landscape after being
subjected to years of military training activities since 1942 . I n 1 9 8 9 a d ditional fragmentation was evident.
Tortoises probably always occurred at low densities on portions of the fort north of the Granites where bajada
elevations are 1000-1300 m . R elatively few tortoise signs were found north of the Granites in either 1983 or
1989. T o r t o ises are not t y p ically found at e l evations much greater than 1 00 0 m i n t h e M o j ave Desert
(Luckenbach 1982).
A persistent problem when making statistical comparisons with estimated tortoise densities has been
that the standard field technique of counting tortoise sign generates data that inherently possess high sample
variance, since tortoise sign is patchy and infrequently encountered. The situation becomes worse when tortoise
densities are low. Combining this with small sample sizes (few transects sampled), statistical inference becomes
tenuous (see methods section). Sampling effort at some of the 1983 sites was low. An additional complication
is that tortoise scat was more difficult to see in 1983 than 1989. The winter of 1982-1983 was unusually wet
and produced a dense cover of forbs and grasses, particularly annuals. Therefore, during the summer, dry litter
was unusually dense making scat more difficult to observe. The winter rainfall at Goldstone between December
1 982 and March 1 983 was 18.3 cm (7.2 in), compared to the 1 966-1984 mean of 7.4 cm (2.9 in) for this period.
The 1989 sampling period was preceded by two seasons of severe drought, which resulted in lower annual
growth and better sign detection.
Desert Tortoise Population Increases: 1983-1989
The tortoise density at site SL (Langford impact area excluded) was estimated to be about twice as high
in 1989 as in 1983 (83/mi' vs 43, Fig. 7). Interestingly, within the SL site tortoise density decreased from west
to east: between Fort Irwin Road and the Mannix Trail the density was 90/mi' (three times higher than in 1983),
between the Mannix Trail and the western boundary of Langford it was 73/mi' (25'k higher than in 1983), while
in the Langford impact p o rtion t o rtoise density wa s 4 7 / m i* . T a c t i cal vehicle use, and t h erefore habitat
degradation, has not been extensive in the southern extreme of Fort Irwin, particularly before the Langford impact
area was cleared of unexploded ordinance. Only maintenance vehicles entered into the Langford impact zone,
and these were restricted to the existing main roads. The southern portion of Langford was the buffer zone for
the live-fire range located in the northern portion. The area west of Langford to Fort Irwin Road was mainly used
as a staging area, and tactical vehicles generally used existing roads and trails. Since Langford was cleared from
ordinance in 1984, tactical vehicle use and off-road habitat damage has dramatically increased, not only in the
Langford impact area, but also west of Langford, since this area is now a major access route to the once offlimits impact zone.

The data demonstrate that tortoise density has increased or at least remained stable since 1983 in the
southern portion of Fort irwin. A p parently, moderate habitat degradation and patchy off-road vehicle use have
not yet affected the tortoise at this location. T h ere are three hypotheses that can account for the viability of
the tortoise population at site SL. First, extensive use of the area has only occurred since 1985 . W i t h t ime,
further habitat degradation and direct vehicle mortality will eventually seriously impact the SL tortoise population.
Second, the SL area represents prime habitat for the desert tortoise. Not only are the soils and vegetation
favorable, but the southern edge of Fort Irwin may receive more precipitation than other areas of the fort (Krzysik,
personal observation). The topography is predominantly gently rolling bajadas, with deep sandy loam soils and
alluvium. V e g etation is diverse and dense. P e r e nnial shrubs, forbs and grasses, and annuals are all well
represented. Galleta grass (Hilaria rig/da) is particularly dense in some areas. This perennial grass may be the
most important summer forage for the desert tortoise. In such a high quality habitat, it may not be too surprising

that the desert tortoise could maintain viable populations despite some level of habitat degradation. If habitat
quality directly determines reproductive success in the desert tortoise, as it does for other vertebrates, tortoises
could maintain viable populations in high quality habitat even when exposure to off-road vehicles resulted in
higher than n atural mortalities. O n t h e other h a nd, since the species is an extremist o n t h e continuum of
K-selection reproductive strategies, tortoise populations may not be capable of sustaining even low levels of
imposed mortality.
Third, tortoises in the southern portion of Fort Irwin are directly contiguous with populations on adjacent
BLM lands. Tortoises densities on adjacent BLM lands are high, with estimates of over 200 tortoises/mi' in some

areas (USFWS 1988). Undoubtedly, tortoises migrate in both directions over the fort's boundary. For a limited
time, excessive mortality within Fort Irwin could be partially offset by immigrations from the south (BLM lands).
If the habitat becomes severely degraded and vegetation became sparse, tortoises would cease to migrate north
into Fort Irwin.
The viability of site C (Fig. 18) may in part be due to its proximity to site SL. How ever, there are three
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other factors that may also contribute: 1) This site contains rugged outcrops of granite, and tactical vehicles
generally use existing roads and trails; 2) Major training activities are not conducted in this site because of its
close proximity to the cantonment area; and, 3) Since 1985 the cantonment infrastructure, especially housing
subdivisions, have expanded dramatically into the surrounding desert, and the associated habitat loss and
construction activities may have forced resident tortoises to migrate southward, which is their most feasible
escape route containing appropriate habitat.
Desert Tortoise Population Stability: 1983-1989
S ites where tortoise population densities have not changed significantly between 198 3 an d 1 9 8 9

include: SW, E, GO, T and GE. Sites SW and E are along the borders of Fort Irwin and training impacts in these
areas are subsequently low . T h e s o u t h w estern corner of th e f ort i s u sed mainly for airborne maneuvers
employing helicopters, but foot traffic in this area has increased appreciably since 1987. T o r t oises in sites E
and SW comprise a contiguous population with tortoises on adjacent BLM lands, and any mortality in these sites
could be compensated by immigration. The GO site is located in Goldstone, and there has not been any habitat
disturbance in this area. Goldstone personnel and their vehicles remain on existing paved and maintenance roads,
Goldstone is off-limits to tactical vehicles, and public access is denied.
Sites T and GE are isolated on high bajadas adjacent to mountain ranges. Tactical vehicle impacts are
most severe in valleys and steadily decrease as high bajadas and rugged mountain ranges are a pproached (Krzysik

1985). High on bajadas, deep washes dissect the landscape, making off-road travel slow and difficult. This
is particularly true along topographic contours, since the washes with their steep banks have to be crossed, and
tactical vehicles typically use existing roads and trails that bisect the washes. Travel is easiest in the washes
themselves, and these channels are used extensively by vehicles maneuvering through the landscape. Therefore,
in this rugged terrain, habitat damage by tactical vehicles is less than expected with respect to the number of
vehicles that use the area. An important refuge for tortoises on these bajadas are the numerous caliche burrows
that occur in the walls of the washes. T h ese burrows may be particularly important winter hibernating dens,
and they are relatively immune from damage by off-road vehicles. Caliche is a hardpan petrocalcic, cement-like

layer formed by the cementing action of calcium carbonate with other materials like pebbles, gravels, silica, and
iron compounds (Schlesinger 1985). Caliche layers may be thick or thin, and they may occur near the surface
of the soil or buried at great depths. These layers are commonly exposed in washes where erosive forces scallop

numerous small caves. Usually these caves are shallow, but occasionally they form retreats 10 meters or more
in depth. On the Beaver Dam Slope in extreme southwestern Utah, caliche burrows represent important winter
hibernacula for desert tortoises (Woodbury and Hardy 1948).
Although tortoises have been able to maintain their populations at the relatively rugged T and GE sites,
habitat degradation and tactical vehicle use is increasing in these areas because of NTC's desire to simulate longer
range weapon systems in modern battle scenarios. Further use and degradation of these two sites, combined

with their isolation (preventing tortoise immigration), may eventually lead to the extirpation of tortoises from
these localities.

Tortoise site F is located at the fort's live-fire Multipurpose Range Complex, just east of Goldstone. At
this site in 1983, six transects estimated a tortoise density of 6. 6 s 3 / m i * , w h ile in 1989 t w e lve transects
estimated 27.1 a 7 / m i ' ( Fig. 14). A p p arently the small sample size in the 1983 survey was responsible for

underestimating the tortoise density at this site, and resulted in borderline statistical significance, Long before
the NTC was organized, this area has served as a live-fire impact zone. Even in 1983, the central portion of the
valley showed vegetation losses from ordinance impacts on target sites. The Multipurpose Range Complex was

constructed in the mid-eighties, and although off-road vehicle impacts have not been extensive, additional habitat
degradation is evident from construction activities and the ongoing live-fire mission. These activities included
the construction of target pads and the maintenance roads leading to the pads. The range is heavily used for

a variety of live-fire operations: small arms (pistol, rifle, and shotgun), both light and heavy machine guns,
grenade launchers, tank and APC cannons, mortars, antitank missiles, and hand grenades. I he majority of the

large projectiles are not explosive, but represent TPT (training) or high-velocity APDS (sabot) rounds. At present,
despite the live-fire activity, tortoises remain at moderate densities in this site. The lack of off-road vehicles may
in part explain the presence of tortoises. Also, the more intensive use of this range has occurred only over the

last few years. Firing range activities along with their associated noise and vibration may eventually eliminate
the desert tortoise from site F. Tortoises have been seen on four different occasions crossing the road at this
location, going away from the range complex (Krzysik, personal observation). Both civilian and military personnel
have also reported tortoises on the road at this site. This may indicate emigration of tortoises from the range

complex.
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Desert Tortoise Population Declines: 1983-1989
Tortoise habitat on the south bajada of the Granites was much more extensive in 1983 than it was in
1989. T o r t o ises extended further dow n th e b ajada and the population was co ntinuous from th e GE site
westward into the Nelson impact area. The eastern boundary of site GW is the main road through Granite Pass,
and this site extends westward into the Nelson impact zone. Estimated tortoise density at this site was almost
twice as high in 1983 as in 1989 (29/mi* vs 15, Fig. 13). In 1983 this site possessed statistically similar tortoise
density to s ite GE, and the p o pulations, now f r agmented in 1 98 9 a t s i tes GW an d GE, w ere presumably
continuous through the Lucky Fuse impact area.
The major road to the northern portion of Fort irwin and the live-fire ranges crosses the Granites at Granite
Pass. The visual degradation of the habitat and serious loss of vegetation in this vicinity has been very evident
and appreciable since 1983, but is particularly evident on the southern bajada of the Granites (Krzysik, personal
observation). This area is part of the central corridor, one of the two major training areas in Fort Irwin. The habitat
damage in the Granite pass area and the adjacent bajada on both sides of the main road is the result of the NTC
expanding war-game scenarios, and the clearing of hazardous ordinance from Lucky Fuse to the east, and Nelson
to the west. Both of these former impact zones are presently receiving a great deal of use by tactical vehicles.
Site V represents most of th e s o uthern and central corridors where the majority of N T C's t raining
exercises take place. A t t h i s site tortoise densities significantly declined between 1983 and 1989 (Fig. 15).
Habitat quality in both of t h ese valleys was poor in 19 83, but deteriorated even more by 1 9 89 . F i g ure 19
contrasts the shrub cover between an undisturbed valley at Goldstone and the valley in the southern training
corridor of the NTC in 1983 and 1989 . N ote the appreciable loss of shrub cover in this valley, even in 1983,
and shrub cover declined further by 69% between 1983 and 1989 . F i gure 20 represents the shrub cover on
the bajadas adjacent to the respective valley study plots. The data for the high bajada at the NTC was actually
collected in 1984. Note that the bajadas, especially the high bajada, received less damage from tactical vehicles
than the valley. Between 1983 and 1989 shrub cover declined by 67% on the low bajada, and between 1984
and 1989 it declined by 51% on the high bajada. See Krzysik (1985) for the method used to estimate shrub
cover. T r aining has escalated appreciably since 1985 (Fig. 2), and battle scenarios have been expanded to
simulate more realistically the use of modern longer range weapon systems. T herefore, tactical vehicles have
been moving further up the bajada when engaging main armor elements and opposing forces in the valley corridor
below them. On the basis of field experience and qualitative observations, similar losses of perennial vegetation
were occurring in the central corridor, and other heavily used portions of the fort.
Interestingly, paralleling the magnitude of shrub cover loss in the southern corridor, the estimated desert
tortoise density decreased by 62% in the same habitat (V site) during the identical time frame. Also during this
time period the Granite Pass tortoise population (site GW) in the central corridor declined by 50%. Other density

decreases at Fort Irwin were: 81% in the northwestern portion of the fort (NN), and 25% at NS, located 8 km
north of the cantonment Area.
Adequate shrub cover is a critical habitat parameter for the viability of desert tortoise populations. Most
tortoise burrows are constructed directly beneath shrubs or in their immediate vicinity. S h rubs provide shade
and wind protection, while their roots provide burrow support. S h ade is equally important for surface-active
tortoises and their thermoregulatory needs. Pallets are important tortoise surface retreats constructed within
dense shrubs. Many annual plants are dependent on the presence on shrubs. Checkered fiddlenecks (Amsinckia
tease//ata), an important forage for tortoises, are more abundant in the vicinity of shrubs than in the open spaces
between shrubs. Shrubs provide cover from predators. Habitat cover is important for juvenile tortoises, since
there is strong evidence that ravens are an important visually oriented predator (BLM 1990). In an unexpected
way, the shading provided by shrubs may be of crucial importance for the long-term survivorship of desert

tortoise populations. Most vertebrates undergo genetic sex determination. Most chelonians (turtles and
tortoises) undergo temperature dependent sex determination (TSD), where the temperature at the nest site
determines the sex or the sex ratio of the hatchlings (Bull and Vogt 1979; Bull 1980, 1 9 8 5). Desert tortoises
generally bury their eggs in the floor of their burrows (Dave Morafka, personal communication). In chelonians
studied, temperatures above a threshold value produce only female hatchlings, while in some species both high
and low temperature thresholds produce females (reviewed in Spotila and Standora 1986), An Old World tortoise
was found to have a TSD of 30-3 1 C , and Spotila and Standora (1986) hypothesize that the desert tortoise
also undergoes TSD at a temperature above 30 'C. If indeed the desert tortoise possesses TSD, reduced shrub

cover would presumably raise the temperature of nest sites, and decrease the number of male hatchlings.
Unnatural skewed sex ratios are generally detrimental to population viability, particularly in K-selected species.
The decline of desert tortoise density in the V site combined with the monitoring of shrub cover in the
southern corridor offer quantitative evidence of the effect that Army of f-road maneuvers and the Fort Irwin
training mission have on this species. Th e tortoise will continue to decline in the V site. P oor reproductive
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Figure 19. Shrub cover in 1983 and 1989 at the undisturbed valley in Goldstone and at the valley in the NTC's southern
corridor. M u ltiplication of the ordinate scale by 100 gives the shrub cover in m'lha.
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Figure 20. Shrub cover in 1983 and 1989 at an undisturbed bajada adjacent to the Goldstone valley of Figure 19 and
at the bajada in NTC's southern corridor. The data for the NTC high bajada were actually collected in 1984.

potential, direct vehicle mortality, and emigration to less degraded habitats may in approximately five years,
possibly less, eliminate the tortoise from site V. There will be occasional vagrants wandering into this area from
other adjacent sites (GE, GW, T, and E) where tortoise populations are more viable (at least so far). However,

continued loss of perennial vegetation at the V site will make the habitat unsuitable for migrants. Much of site
V has already reached this condition.
Tortoise density dropped significantly between 1 983 and 1989 in the northwestern portion of Fort Irwin
(site NN, Fig. 16). The habitat in this area was already degraded in 1983, and this could explain the low density
found in that year. How ever, the elevations in this region are 950-1200 m, and tortoises may never have been
common. W o o dman et al. (1986) identified three pockets of tortoises at this site. T o r toise sign was absent
or scarce on their survey transects in the eastern portion of site NN. Up until the early summer of 1986, offroad vehicle traffic in the southwest portion of this area was virtually nonexistent. The few tracks present in

this area were probably over 20 years old. Since 1986, tactical vehicle traffic has increased appreciably, and
a staging area was in place by the spring of 19 87 . I n c reased use of the northwestern portion of Fort Irwin
particularly around Nelson Lake has accelerated since 1987. T h e c o ntinued loss of habitat and increasingly
important role of this area in training scenarios, ensures the loss of the desert tortoise in this area. The loss of
this area as tortoise habitat fragments other populations on the fort.
In 1983, to rtoise densities were similar at sites NN and NS . T h i s i s expected since the areas are
topographically contiguous. Habitat degradation at site NS has continued since 1983, but not to the same extant
as in site NN. Site NS represents a small fragmented population surrounded by severe habitat degradation, and
a rugged unsuitable hilly terrain to the south. T h e complete loss of this population is inevitable.
An important implication for the desert tortoise concerning the loss of site V and also sites NN and NS
is the resulting fragmentation of tortoise populations and their gene pools. These three sites are necessary to
link all the other sites within Fort Irwin continuous with themselves and populations outside of the fort. N e xt
to outright habitat loss, habitat f ragmentation is th e m ost i m portant factor affecting w i ldlife populations
throughout the world. Fragmentation reduces genetic variability within populations since gene flow ceases, and
i solated gene pools represent only a small fraction of the once available gene pool. T h i s may lead to t h e
expression of deleterious recessive genes, and other inbreeding problems. R educed genetic variability also
reduces a population's capacity to adapt to changing biological or environmental conditions. Besides genetic
problems, isolated populations, especially small ones, are subjected to the realities of high extinction rates. The
extinction process could be triggered be physical processes such as drought, flooding, temperature extremes,

or wildfire; biological processes such as predation, competition, parasitism, and pathogens/disease; or
anthropogenic impacts such as habitat destruction, pollution, or direct killing or collecting of specimens. These

processes may not cause directmortality, and usually affect food or cover/shelter resources, reproduction, or
some combination of these. Small isolated groups are also susceptible to extinction from stochastic fluctuations
in population numbers. Although the dynamics of population fluctuations are not completely understood, they

have been observed for many species under natural conditions. Extinctions in local populations are undoubtedly
a common occurrence in natural ecosystems, particularly in stressful environments like deserts. H o w ever, in

natural ecosystems immigration from other population centers eventually and possibly rapidly fills the void. I he
realities of fragmentation and isolation of habitat patches are relative and are dependent on many factors: the
nature of the isolation barrier, the ecology and life history specifics of the species (primarily mobility, ecological

and physiological needs and tolerances, reproductive needs), the distances between fragmented patches, patch
size, and the suitability or habitat quality of patches.
Significance of the Fort Irwin Tortoise Population
Fort Irwin's desert tortoise population represents ecologically, biogeographically, and genetically an
important segment of the tortoise gene pool for the Mojave Desert ecosystem. Fort Irwin is centrally located

with respect to major tortoise populations in the remainder of the Mojave Desert, and this ensures genetic viability
and spatial/temporal integrity among populations.
The tortoises in the southern portion of Fort Irwin (site SL), along with adjacent tortoises on BLM public

lands, represent one of the few remaining major intact and disease-free populations of the western Mojave
genotype existing i n

h i g h q u ality h abitat .

So u t h o f F o r t I r w in , e x t ensive urbanization and a g ricultural

development in the Barstow and Victorville areas, and in Lucerne and Johnson Valleys, has eliminated or
degraded large expanses of desert tortoise habitat and encouraged increases in the raven population.
Fort Irwin tortoises represent a population that appears to be free of the Upper Respiratory Tract Disease

(URTD). Symptoms of URTD have never been observed in tortoises at Fort Irwin or in the vicinity of the fort
despitd extensive field work and the observations of the authors and other researchers. URTD is a serious and
important cause of tortoise mortality in the Mojave Desert, especially in the western Mojave (Knowles and
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Knowles 1989; Avery and Berry 1991; Jacobson et al. 1991). The main source and spread of URTD is believed
to be the release of diseased captive tortoises into the wild. A n i m portant factor for the absence of URTD in
Fort Irwin tortoises is that captive tortoises probably have never been introduced into the fort. T h ere are three
good reasons for this: 1) public access to Fort Irwin is restricted; 2) Fort Irwin and the landscape around it are
relatively inaccessible and remote; and, 3) tortoise owners probably believe that the NTC training ranges are not
suitable habitats for relocating their pets. Also for these reasons, the future potential for the release of diseased
captives into Fort Irwin will always remain low.
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FORTY-EIGHT HOURS: THE BIOLOGY OF PIPPING AND EMERGENCE IN NEONATAL
DESERT TORTOISES I GOPHERUS AGASSIZII)
David J. Morafka
Abstract. Pipping and emergence has been analyzed from observations (photodocumentation) of desert
tortoise (Gopherus agassizli') neonates hatching from captive produced eggs. The process is analyzed in three
sequential stages, largely continual in operation, and defined here in terms of function. T h ese stages are: 1)
pipping, 3-6 hours; 2) drainage of egg white, and absorption of yolk, 10-18 hours; and 3) emergence, 24 hours.
Thus, the entire hatching-emergence process spans a minimum interval of 4 8 h o u rs . P i p p ing provides the
transition to atmospheric respiration and begins the very slow drainage of the neonate bathed in albumins which
are germicidal. Absorption internalizes a huge yolk reserve (perhaps two-thirds of the original egg yolk) into the
visceral mass, where it may remain for months. Th e absorbed yolk also serves a hydrostatic skeleton which
straightens the originally convex carapace and plastron by about 20-25%, so that a 38 mm carapace length (CL)
hatchling emerges from a 30-mm width egg. V o luntary muscular control of carapace kinetics continues to be
operative for several years. Typically, emergence follows absorption. Most viable eggs of a clutch hatch within
72 hours of each other. H o w ever, overwintering of desert tortoise eggs has been reported, and hatching and
emergence may be uncoupled in certain circumstances.
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HEALTH PROFILES OF WILD TORTOISES AT THE DESERT TORTOISE NATURAL AREA,
IVANPAH VALLEY, AND GOFFS IN CALIFORNIA
Kenneth A. Nagy, Charles C. Peterson, Brian T. Henen and Mark A. Wilson
Abstract. Desert tortoise (Gopherus agassizii) living in three areas of the Mojave Desert (Desert Tortoise
Natural Area near California City, Goffs, and Ivanpah) in California were fitted with radio transmitters so they
could be relocated for sampling of blood, urine, feces and bacterial cultures four times during 1989-1990: midspring (May}, mid-summer (July), pre-hibernation (October) and end-hibernation (March}. Health profiles were
determined from laboratory analyses of 50 parameters, including blood chemistry (total protein, CPK, LDH,
SGOT, BLIN, electrolytes, etc.), blood cells (WBC, RBC, basophils, etc.), urinalysis (specific gravity, pH, blood

cells, electrolytes, bilirubin, etc.), fecal parasite determinations, and cultures and antibiotic sensitivities of swabs
from external nares and cloaca.
There was much between-animal variation in blood analyses, some of which may be real, and some due
to errors resulting form delays in sample shipping and blood clotting. Few statistically significant differences
between males and females were observed in the results, but many parameters varied significantly among
seasons, among sites, and/or as a result of interactions between season and site. D rought conditions during

1989, and the associated shortage of food and drinking water, may underlie the seasonal changes in many blood
and urine concentration parameters. Goffs tortoises probably drank rain water in summer, and this event may
explain the reversal of trends toward increased blood and urine properties, which were observed in the Desert
Tortoise Natural Area and ivanpah tortoises that apparently could not drink in the summer of 1989. Thus, rainfall
variations may underlie differences in health profiles between sites, as well as variations between seasons at
a given site.
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PROPOSED NUTRITIONAL RESEARCH AT THE DESERT TORTOISE CONSERVATION
CENTER, LAS VEGAS, NEVADA
Olav T. Oftedal and Perry S. Barboza
Abstract. Nutritional research is a key component of the conservation plan for desert tortoises (Gopherus
agassizii)I, Information on the nutrient requirements of this species is critical to the establishment of captive
populations, and to t h e m a nagement of desert habitats so t hat t o rtoise survival and reproduction may be
enhanced. The proposed research is divided into four phases to characterize the composition of food plants,
assess changes in body condition, and study the effects of dietary protein and fiber on digestion, body condition
and growth . P h ase 1 w ill characterize compositional changes in tortoise food plants in relation to stage of
growth, geographic location and seasonal patterns. Principal dietary plant species will be collected and analyzed

for water content, major constituents such as fiber and protein, macrominerals (sodium, potassium, calcium and
phosphorus) and trace minerals (e.g., copper, iodine and selenium). A s u b set of plant samples will also be
analyzed for amino acids and fat soluble vitamins. The assessment of body reserves of fat and protein in tortoises
will be studied in Phase 2. I n d irect methods of measuring body composition, such as isotope dilution and
bioelectrical impedance, will be validated against direct measures. T h ese direct methods will be applied to
captive and wild tortoises to monitor responses to dietary and seasonal changes.
Phase 3 will formulate diets for captive tortoises using commercially available ingredients, These diets
will be evaluated by monitoring food intake and body condition. Subtle changes in the formulation of this basic
diet will enable the study of the effects of dietary protein and fiber content on food intake, growth and body
condition of t o r t oises. T h e e f f ects of d i etary fiber w ill be f u rther investigated during Phase 4 i n f e eding
experiments on t o r t oises held in m e t abolism cages at t h e C o nservation Center. F i b e r d i gestion, energy
metabolizability and digesta passage will be measured in tortoises fed both natural food plants and formulated
diets of different fiber contents.
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RESEEDING OF RARE DESERT PLANTS IN CALIFORNIA AS PART OF A
POST-CONSTRUCTION RECLAMATION PLAN
Thomas E. Olson, Hermi D. Hiatt, M. Melinda Traskand Donald E. Mitchell
Abstract. The Kern River Gas Transmission Company's natural gas pipeline was constructed during 1 991
from southwestern Wyoming to the vicinity of Daggett, San Bernardino County, California. Total pipeline length

was 963 km, which included 152 km in California. Prior to construction, state-specific mitigation programs,
which included reclamation plans, were developed. I n C alifornia, the reclamation plan included salvage of
seedbank material, heeling-in and transplanting of cactus, Joshua trees (Yucca brevifolia), and Mojave yuccas

(Yucca schidigera); use of an imprinter; recontouring; and reseeding of select sensitive plant species that could
not be avoided during construction. Seeds of Rusby's desert mallow (Sphaeralcea rusbyieremicola) and Parish's
phacelia (Phacelia parishil) we re collected locally, tested for viability, and stored until pipeline construction

activities were complete. Reseeding occurred in the pipeline right-of-way during October and November 1991
in the vicinity of the disturbed populations. Reseeding methodology included raking, broadcasting of seed, and
in one instance, watering of the site. Reseeded sites were evaluated for success in 1992. The number of Phacelia

parishii plants in adjacent seeded and unseeded plots was 706 and ten, respectively. Sphaeralcea rusbyi
eremicola plants were observed in 73 of 129 plots (57%) that were 4-8 feet (1.2-2.4 meters) in diameter. The
average number of p l a nts pe r s u ccessful plot w a s 2 . 9 . A d d i t i onal Sphaeralcea rusbyi eremicola pl ants
established in the pipeline right-of-way adjacent to reseeded plots, possibly as a result of wind-borne and waterborne seeds.
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THE DISTRIBUTION OF THE DESERT TORTOISE IN THE SONORAN DESERT IN ARIZONA
Bruce K. Palmer and Nancy M. Ladehoff
Abstract. The distribution of the desert tortoise (Gopherus agassizIi'l in the Sonoran Desert in Arizona
lsouth and east of the Colorado River) is summarized. Site-specific information on tortoises occurrences has
been archived in the Arizona Game and Fish Department's Nongame Data Management System. D ata points
are the result of incidental observations and collections, as well as from the more systematic surveys conducted

by management agencies. This database contains more than 2,000 sightings of tortoises or their sign. The
desert tortoise has been recorded from elevation extremes of 158 m to more than 1,600 m; from desert scrub
to desert grassland and chaparral communities; and from steep mountain slopes and bajadas to rolling hills and

occasionally flat desert valleys. Projecting from documented localities, the desert tortoise occupies an estimated
27,623 km' of Sonoran Desert in Arizona. A map which depicts desert tortoise occurrence records and expected
occupied habitat within the Sonoran Desert in Arizona is presented.
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FIELD SAMPLING OF SMALL TORTOISES: THREE EXPERIMENTS
Timothy Shields
Abstract. Three experiments concerning the problems with sampling small desert tortoises (Gopherus
agassizil( were run during 1990 field work in California and Arizona. Results indicate that special techniques
and focused effort are necessary to accurately represent hatchling, juvenile and immature tortoises in samples
from trend plots. S u ggested techniques are discussed.
1. The effect of the searcher's experience. Simultaneous, side-by-side search transects were performed
by 2 field workers at the Goffs plot, California. One had 480 days of prior tortoise plot experience, the other
about 50. For tortoises ) 180 mm MCL, their results were similar: 50 captures by the more experienced worker,
48 for the less experienced one. Results were very different for tortoises < 180 mm MCL with the experienced
search finding 19 vs. 9 found by the less experienced worker. I m plications are discussed.
2. Burrow monitoring. A technique involving identification and periodic revisiting of likely small tortoise
burrows has been developed over the last decade. Of 56 tortoises with ) 14 0 mm MCL found at Goffs plot in
1990, 19 were found using burrow monitoring. The technique is described and its application discussed.
3. Intensive searches for small tortoises. On the Little Ship Wash plot in Sonoran Desert habitat, three
small areas were designated as a sub-plot for intensive small tortoise searches. During conditions conducive
to small tortoise activity, all search effort was confined to the sub-plot. On the plot as a whole nine of 84 (10.7%)
tortoises were < 140 mm MCL. Of the 21 tortoises found in the intensively searched sub-plot, seven (33.3%)
were < 140 mm .
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THE EFFECT OF HABITAT CHARACTERISTICS ON TORTOISE SEARCH TECHNIQUES
Timothy Shields
Abstract. Habitat characteristics (slope, angle, substrate type, particle size of soil, vegetation, climate
and others) vary greatly between typical Mojave Desert and Sonoran Desert tortoise habitat. These differences
affect desert tortoise (Gopherus agassizil) distribution, numbers and behavior patterns. T o r t oise search
techniques must be designed with these differences in mind. The standard plot coverage methodology developed
for use in Mojave Desert situations is described. Following this is a description of the differences between Mojave
plot coverage and that which is being developed in Arizona for use on Sonoran plots. These differences are
discussed with reference to habitat characteristics.
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WEST MOJAVE TORTOISE PLAN - A COORDINATED RESOURCE MAN A G E M E NT PLAN
Alden Sievers
Abstract. The Bureau of Land Management (BLM) has initiated a multi-agency, coordinated resource

management plan, focused on the desert tortoise (Gopherus agassiziil, for an approximately six million acre area
(2.4 million ha) of the w est Mojave Desert. T h e West Mojave Tortoise Plan (WMT Plan) is the first of four
management plans being prepared for the four sub-populations of the desert tortoise located within the California
portion of the Mojave Desert. Led by the BLM, the WMT Plan will involve city and county government, state
and federal agencies, and various industry and user groups. Other species being considered for inclusion in the
planning effort include the Mohave ground squirrel (a state-listed species), federal candidate species, and state
species of concern. It is intended that the WMT Plan will identify three management zones: 1) those areas in
which viable, wild populations will be perpetuated in a "controlled" context (i.e., tortoise management is the
dominant use); 2) those areas in which viable, wild populations will be perpetuated in a "limited" context (i.e.,
t ortoise management in a m u ltiple-use context); and 3) t h ose areas in w h ich w ild populations will not be
perpetuated. In addition, the WMT Plan will identify specific management prescriptions that will guide activities
within each zone.
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RESEARCH ON TRANSMISSION OF UPPER RESPIRATORY TRACT DISEASE IN DESERT
TORTOISES AT THE LIVING DESERT
Virginia Skinner, Terrie Correll, Elliott R. Jacobson and Harold W. Avery
Abstract. The most significant organisms isolated thus far from desert tortoises (Gopherus agassizIi l
showing signs of upper respiratory tract disease have been Pasteurella testudinus and Mycoplasma sp. To make
a definitive association between these organisms and the disease, a transmission study involving 60 tortoises
will begin in April, 1991 at The Living Desert, Palm Desert, California. Twelve groups of five tortoises each will
be maintained in individual pens and fed a controlled diet including natural plants. A n i mals will be challenged
intranasally with the suspected organism, and nasal washings and blood samples will be evaluated at intervals
of one, three, and six months.
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CONSERVATION BIOLOGY OF THE DESERT TORTOISE IN THE LAS VEGAS, NEVADA
AREA
James R. Spotila, Michael P. O' Connor, Linda C. Zimmerman and Valentine Lance
Abstract. We propose to carry out studies in four areas. A n a t i onal team of researchers from Drexel
University, the Center for Reproduction of Endangered Species of the Zoological Society of San Diego, the
Virginia Institute of M arine Sciences, and the Zoological Society of Philadelphia will study the conservation
biology of the desert tortoise at the Desert Tortoise (Gopherus agassiz11) Conservation Center (TCC) at Las
Vegas, Nevada from March, 1991 to April, 1993. D r . James Spotila, Dr. Valentine Lance, Dr. Douglas Ruby,
Dr. Robert George, Dr. Michael O' Connor, Dr. Linda Zimmerman, Dr. Allison Alberts, John Groves, David Rostal,
and Eva Byer will make up the research team. T hey w ill identify biological measurements for assessing the
physiology and health of the desert tortoise; obtain baseline data on reproductive biology of the desert tortoise
(reproductive physiology and endocrinology, reproductive and other behavior, environmental sex determination,
and survey of existing desert tortoise breeding programs) for management of wild populations and implications
for captive breeding; establish a natural field population for long-term monitoring and grazing studies, carry out
field research for the other projects, and determine the thermal ecology of the desert tortoise; and evaluate barrier
designs and movement directing devices to reduce loss of tortoises from roads, edges of urban areas and similar
hazards. This research will provide information needed for the conservation and management of desert tortoise
populations and will be presented in technical reports to the Nature Conservancy and published in primary
scientific literature.
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PRELIMINARY DESERT TORTOISE SURVEYS IN CENTRAL SONORA, MEXICO
Mario A. Trevino Rodriguez, Martin E. Haro Rodriguez, Shery)L. Barrett and Cecil R.
Schwa)be
Abstract. The Centro Ecol6gico de Sonora conducted surveys and interviews at six
sites within 200 km of Hermosillo, Sonora during September, October, and November 1990,

to determine desert tortoise (Gopherus agassizr'I')presence and human-related impacts.
Nineteen variable-length (3-4 km ) t r a nsects w ere w a l ked i n S o noran desertscrub and
Sinaloan thornscrub habitats. Fourteen live tortoises (11 adult, one subadult, two juveniles)
and two dead hatchlings were found in 121 biologist-hours. Evidence of human impacts was
f ound on 47 % o f t h e t r a nsects (58 % c a ttle, 15 % m i n ing). F i f t y -t hree percent of t h e
transects had live tortoises, 10% had tortoise remains, 74% had tortoise seats, and 53%
had tortoise shelter sites. No sign of predation was found on the remains and no tortoise

remains were found in predator scat or avian pellets. Interviewees at four of the six ranches
visited used tortoises as food or pets. A t f o u r of th e sites, interviewees considered the
tortoise population diminished; at one site, they thought the population was stable; and at
o ne site th e i n t erviewees t h ought th e p o p ulation wa s i n c reasing. E l e ve n o f t h e 1 2
interviewees declared they ate or had eaten tortoise on occasion.
El Centro Ecol6gico de Sonora condujo busquedas y entrevistas en seis sitios dentro de 200
k m de Hermosillo, Sonora, durante Septiembre, Octubre, y N o v iembre de 1 9 9 0 , p a r a
determinar presencia de tortugas y el impacto human relacionado. Diez y nueve transectos

de longitud variable (3-4 km) fueron realizados en habitats de matorral desertico Sonorense
y matorral espinoso Sinaloense. Catorce tortugas vivas (11 adultos, uno subadulto y doce

juveniles) y doce crias muertas fueron encontradas en 121 horasl hombre de busqueda.
Evidencia de impacto humano fueron encontradas en 74% de los transectos (58% ganaderia
y 15% mineria). Cincuenta y tres porciento de los transectos tuvieron tortugas vivas, 10%

tuvieron restos, 74% tuvieron excrementos, y 53% presentaron sitios de cobertura. Los
restos de tortuga encontrados no presentaban senales de predacion y ningun resto de tortuga

fue encontrado en excrementos de carnivoros o regurgitados de aves. En cuatro de los seis
ranchos entrevistados se habian utilizado tortugas corno alimento o mascota. En cuatro de
los sitios, los entrevistados consideraron disminuidas las poblaciones de tortuga; en un sitio
consideraban era estable; y en uno mas los entrevistados pensaban que la poblacion se hab(a
incrementado. O n c e de doce entrevistados declararon comer o haber comido tortuga a
menos en una ocasion.

INTRODUCTION
The desert tortoise (Gopherus agassizii) occurs in desertscrub, thornscrub and thornforest habitats in
Sonora and northern Sinaloa, Mi x ico (Fritts and Scott 1984; Stebbins 1985). Th e general distribution of the
desert tortoise in Sonora is known, but data are unavailable from some areas suspected of having desert tortoise

populations. In Mexico, population data are available only from Tibur6n Island in the Sea of Cortez (Reyes and
Bury 1982).
F ollowing U.S. Federal listing of th e M ojave population (all desert tortoises north and w est o f t h e

Colorado River) as threatened in April, 1990, the U.S. Fish and Wildlife Service (USFWS) sought additional
information on the status of the Sonoran population in Arizona and in Mexico. I n 1 9 90, the USFWS provided
funding to the Centro Ecol6gico de Sonora (Centro) to determine the distribution and status of desert tortoise
populations in the state of Sonora. T h e USFWS; the School of Renewable Natural Resources, University of
Arizona; and the Arizona Game and Fish Department assisted biologists at the Centro in gathering additional

information on the distribution of the desert tortoise in Sonora, locating sites suitable for future population
studies, and evaluating present and potential impacts on tortoise populations in northern M exico.
The objectives of t his study w ere to w alk transects in desert tortoise habitat in Sonora, Mexico to
determine tortoise distribution, and to conduct interviews with local residents to gather information on the status
of local desert tortoise populations.

MATERIALS AND METHODS
Six sites were sampled in central Sonora from 21 September to 18 November 1990 (Table 1, Fig. 1).
Two sites, th e S o ut h U nit an d S ierra de L6pez ranches are located north and n o rt hwest o f H e r mosillo,
respectively. Th e remaining sites are located in the east central part of the state.
The predominant vegetation type is Sonoran desertscrub at the South Unit, Las Norias, and the Sierra
de L6pez sites. Rancho Larana and La Minita consist of Sinaloan thornscrub. El Rodeo Ranch consists of an
ecotone of Sinaloan thornscrub with oak (Lowe and Brown 1982). Av erage elevations at the sites ranged from

366 m at La Minita Ranch to 944 m at EI Rodeo Ranch. At El Rodeo, Sierra de L6pez, Larana, and La Minita
ranches, the soil was of volcanic origin. A t Las Norias and South Unit, the soil was of sedimentary origin.
Because of weather and time limitations, we walked survey transects of varying widths and lengths along
mountain slopes and hills. Data were recorded according to the format of Burge (1979). Location, percent slope
(using a Silva 65 clinometer), aspect (with an Engineer compass), elevation (with a Gichard altimeter), vegetation
type, and substrate were recorded on each transect. Additionally, human impacts (principally mining and cattleranching); potential predators and climatic data were also recorded.
Data collected on to rtoises followed the Arizona Game and Fish Department format, and included
morphometric measurements using a Lufkin tapemeasure and a Chatillon caliper. Sex determination and other

data followed Weinstein and Berry (1987). We also collected data on behavior, deformities, anomalies, and
disease present in the animals.

B e f ore release, each animal was marked using a Nicholson triangular file,

following the marking method of Cagle (1939) which uses nine marginals instead of the 22 used in the Burge
(1979) method.
The sheltersites south of the Grand Canyon cannot always be identified with complete certainty (Burge
1979). Therefore, only those sheltersites with definite evidence of tortoises were measured in length, width,
and height, using a Lufkin tapemeasure. The remaining sites were noted only as potential places of cover.
On each transect we collected sign such as tortoise remains, which were measured and recorded; seats,
which were recorded and divided into current or previous season based on coloration; mating depressions; and
eggshells. Additionally, we looked at woodrat nests (Neotoma sp.) in search of tortoise sign and predator seats

or avian pellets bearing tortoise remains.
Areas with characteristics to support a population of tortoises but in which no evidence of tortoises was

found were not recorded as transects. These areas were recorded on the Bureau of Land Management (BLM)
Spot Check Form.
A total of 1 2 i n t erviews was conducted with local residents to gain information about the tortoise

population in the area, human uses, and ecological notes. The questionnaire used for the interviews is provided
in Appendix 1.

RESULTS
We walked 19 survey transects during this study with an investment of 121 biologist-hours. Human
impact was found on 74% of the transects. Of that percentage, 58% was due to cattle-grazing and 16% to
mining. Cattle sign was present on 95% of the transects; 58% of the sign was recent and 37% was old. Potential

predators detected on the transects were as follows: coyote (Canis latrans), skunk (Mephitis sp. and Conepatus
sp.), kit fox (Vulpes macrotis), and badger (Taxidea taxus).
We collected live tortoises on 52.6% of the transects, remains on 10.5%, seats on 73.6%, and noted

burrows on 52.6% of the transects. Tracks, mating depressions, and eggshells were not found on any of the
transects. Recent seats were found on 52.6% of transects and seats from previous seasons on 63.1%, Woodrat

nests with tortoise seats were present on 42.1% of the transects. No sign of tortoise remains was observed
in bird pellets or carnivore scat encountered on the transects.
Twenty-one sheltersites were recorded (Table 2); length averaged 61.2 cm (12-190cm); width averaged

49.2 cm (15-120 cm); and height averaged 12.9 cm (10-38 cm). Sixteen sheltersites were located in volcanic
rock, four in sedimentary rock, and one underneath a mesquite (Prosopisjuliflora). To r toises were present in
13 of the 21 sheltersites; five sheltersites showed signs of Neotoma sp.; two showed other rodent activity; and

two showed signs of dipterans in the roof. Only one sheltersite was used by more than one tortoise at a time.
Table 3 provides measurements of 14 t o r toises and tw o c arapaces observed on the 19 t r ansects.
Remains of one hatchling were found on a reconnaissance trip to EI Batamote, and those of another were donated
during an interview at Rancho El Charco. It was only possible to take measurements on the latter hatchling. A
male recently captured at Rancho El Rodeo was also measured and weighed. A f o urteenth adult was noted in
a sheltersite with another adult, but was not weighed, measured, or identified to sex.
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Figure 1. Location of Study Sites, Sonora, Mexico, 1990.

Table 1. Location, elevation, substrate, and vegetation of study sites for desert tortoises in Sonora, Mexico,
1 990.

Place

Location

Average
Elevation

S ubstrate

V eg et a t i o n

South Unit
(Unidad Sur)

52 km Hermosillo-Nogales Highway

16 0 0 f e e t

Sed ime n t ar y

Son o r a n Desertscrub

29 30 ' 4 7 " L at. North
111' 3' 37 " Lo ng. West

487 meters

8 km east of La Colorada

1 200 fee t

V olca n i c

Sinaloan Thornscrub

28' 46' 45 " L at. North
110 32 ' 5 8 " L o ng. West

366 meters

32 km Sahuaripa Highway

0.00 feet

Sedimentary

Son o r a n Desertscrub

29' 02' 47 " L at. North
110 2 8 ' 2 5 " L o ng. West

0.00 meters

52 km Sahuaripa Highway

1600 fee t

Vo lcan i c

S inalo a n T h ornscrub

29' 56' Lat. North
110 2 5 ' 3 9 " L o ng. West

487 meters

40 km NW of Hermosillo

1500 fee t

Vo lca n i c

So no ra n D e sertscrub

29 24 ' 5 1 " L at. North
111 14 ' 4 5 " L o ng. West

457 meters

36 km M o n tezuma Highway

3000 feet

Volc a n ic

Sinaloan Thornscrub

29 38 ' 4 8 " L at. North
109 56 ' 4 6 " L o ng. West

994 meters

La Minita

Las Norias

Larafia

Sierra de
L6pez

El Rodeo

and Oak
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T able 2. C h aracteristics of desert tortoise sheltersites in Sonora, Mexico, 1990 .

T ype

L ength

(cm)

W idth

(cm)

H eight

(cm)

Tort ois e
Present

Roof
Material

Other

Animals
Present

Burrow

66

40

20

Sedimentary

Cave

30

38

20

Volcanic

Cave

30

26

13

Volcanic

Pallet

26

20

38

Mesquite

Burrow

38

16

10

Volcanic

Pallet

32

67

22

Sedimentary

Cave

120

70

32

Sedimentary

Cave

99

19.2

16

Sedimentary

Pallet

25

20

10

Volcanic

Neotoma

Burrow

30

28

12

Volcanic

Rodent

Burrow

81

76

20

Volcanic

Burrow

53

35

12

Volcanic

Cave

48

33

18

Volcanic

Cave

18

15

10

Volcanic

Rodent

Cave

133

105

20

Volcanic

Neotoma &

Neotoma

Neotoma

Dipterans
Burrow

12

25

18

Volcanic

Cave

70

30

20

Volcanic

Cave

120

22

Volcanic

Cave

190

120

15

Volcanic

Pallet

34

33

17

Volcanic

Cave

30

17.5

12

Volcanic

12-190

15- 1 2 0

10-38

49.22

17.95

Range

61.2
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Neotoma

Dipterans

= width at
T able 3. Desert tortoise measurements in Sonora, Mexico, 1990. M C L = maximum carapace length; M3
marginal 3; M4 = width at marginal 4; M7-8 = width between marginals 7 and 8; PLN = length of plastron at the notch;
PLT = length of plastron at the points.

Tortoise
Number

MCL

M3

M4

M7-8

Ma x .W idt h

Dep t h

PL N

PL N

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

juvenile

162

93

112

123

125

75

139

155

900

female

281

180

201

212

220

108

265

276

3700

110

114

114

121

72

148

160

800

Sex

juvenile
female

222

141

152

162

165

100

2 12

224

2120

female

196

131

138

143

150

85

180

201

1507

female

290

179

208

220

224

128

226

279

4715

male

256

158

173

186

192

114

237

250

3000

male

252

171

182

200

206

110

250

266

4010

female

305

182

198

214

216

125

257

284

4400

female

248

156

172

192

192

112

219

239

3015

male

261

173

193

201

208

106

245

260

3600

12

male

248

158

168

180

183

100

229

248

2900

13

female

226

146

168

172

107

219

2225

captive

male

265

168

178

192

198

101

252

2200

carapace

male

224

150

174

175

carapace

female

134

158

42

47

10

hatchling remains

51

232

106
222

43

48

26

Table 4. Biologist hours and desert tortoise sign found on transects in Sonora, Mexico, 1 990. S D S = Sonoran
Desertscrub; STS = Sinaloan Thornscrub; STS-0 = Sinaloan Thornscrub — Oak.
SDS

STS-0

STS

Total

Number of Transects
Biologist Hours

19

57.3

41

22.7

121

Live Tortoises
Scat

14
19

14

35

22

37

Skeletal Remains
Burrows
Total Sign

12

60

Table 5. Table of transects, biologist hours, and sign for each locality. The localities are as follows: I
Unit; II = La Minita; III = Las Norias; IV = Larana; V = Sierra de LOpez; VI = El Rodeo.
II
Number of Transects
Biologist Hours

36

III

IV

V

VI

Total

3

4

19

16 6

22 7

3

1

3

22

4 7

19

121

Live Tortoises

1

0

2

1

6

14

Scat

3

3

11

7

4

37

Skeletal Remains

0

0

1

1

0

0

3

0

1

1

2

13

7

3

15

10

12

Burrows
Total Sign

385

60

=

South

Table 6. In formation from 12 interviews on desert tortoises from the following locations during 1990: I = Sierra de
L6pez; II = Larana; III = Las Norias; IV = Larana; V = Unidad Sur; VI = El Rodeo.

IV

V

VI

Number of
Interv iewees
Abundance
of Tortoises
In Area

Fewer than
previous
years

Fewer than
previous
years

Fewer than
previous
years

Same as
previous
years

Fewer than
previous
years

More than
previous
years

On slopes
of up to
600 m in
height

On low
ridges and
high parts

On low

On low
ridges
under rocks

On slopes
of higher
ridges; in
cavities

On low
ridges in
summer

Use of
Tortoises

Food, pets

Food

Food

None; it is
prohibited

Food,
pets

None

Frequency of
Use of

Every year

Variable

Variable

Do not use
tortoises

In years
past, but
no longer

Do not use
tortoises

Location

of Tortoises
In Area

ridges,
under
rocks

but not

common

Tortoises

Spring

Spring

Spring

Spring

Spring

Spring

December

Mid-October

December

November
-December

December

November

None
observed

None
observed

None
observed

None
observed

None
observed

Coyote,
Puma

3 years

3 years

Mort
ality

I to 2
observed
in dry years

3 years ago,

ago

In dry
years

3 years

ago

ago

during
drought

Use of Eggs

None

None

None

None

None

None

Hatching
Adult Tortoise
Hibernation
Tofto tse

Predators
Observed Tortoise

O f all tortoises observed, two w ere juveniles, four were adult males, and 6 were adult females. T h e
weight of another female was similar to that of an adult, but her measurements corresponded to a subadult.
Carapace length ( + s.d.) in females was 267 a 3 1 .8 mm (range 222-305 mm) and in males 251 + 1 3.3 (range
248-265 mm).
On 19 transects we f o und 60 t o r toise sign 5 8 3 % o f t h e s ign was f o und in Sonoran desertscrub
habitats, while 36.6% was found in Sinaloan thornscrub. The Sinaloan thornscrub - oak ecotone provided 20%
of the sign.
Six live tortoises were found in the Sinaloan thornscrub - oak ecotone after 22.7 biologist hours. Five
live tortoises were found in Sonoran desertscrub areas after 57.3 biologist hours. The fewest number of tortoises
found with the greatest investment of time was in Sinaloan thornscrub where researchers found 3 tortoises after
41 biologist hours (Table 4). Of the six sites (Table 5), the greatest number of sign was found at Rancho Larana,
where 15 sign were observed during 19 biologist hours. The fewest number of sign was found at Las Norias
where three sign were recorded during 4.7 biologist hours. An average of 2.0 sign of tortoise were found per
biologist hour in all locations. The least effort expended per located tortoise was at Rancho El Rodeo where 3.8
biologist hours were invested per tortoise. That was followed by Rancho South Unit with nine biologist hours
per captured animal. At Rancho Larana 9.5 biologist hours were invested per tortoise; Sierra de L6pez required
16.6 biologist hours per tortoise; and at La Minita, 22 biologist hours were required per tortoise. The average
for all areas was 8.6 biologist/hours per observed tortoise.
At two sites, transects were completed but no sign of tortoises was found. O n the northeast face of
Rancho Sierra de L6pez, we found potential sites and 90% of the plants were adequate as forage. At Rancho
El Rodeo, researchers completed a transect that showed no sign of t o rtoises but w h ich, nevertheless, had
adequate physical characteristics to sustain populations.
A total of 12 interviews was completed between 18 September and 8 IUovember, 1990 (Table 6). A t
the majority of ranchsites, people agreed that the number of tortoises has been declining. A t Rancho Larana,
people said the population was similar compared to previous years, while at El Rodeo interviewees said the
number had increased. At four of the six ranchsites, tortoises are used as pets and/or as food. Only at Rancho
Larana and El Rodeo are they not used at all; at the former ranch it is prohibited because the ranch operates on
a conservation-minded basis and at the latter, people are not interested in tortoises either as pets or food. At
Rancho El Rodeo, some interviewees noted predation by coyotes and by puma (Felis conco/or) on adult tortoises.
At four of the six ranchsites, interviewees reported mass die-offs of tortoises three years ago due to drought.
At the two ot her sites, some deaths have been noted but not in appreciable numbers.
DISCUSSION
Of the factors negatively affecting desert tortoise populations in Arizona according to Walchuk and
deVos Jr. (1982), only off-road vehicles were not observed in Sonora. The remaining factors were recorded,
with the capture of animals for food more common in Sonora than in Arizona. In 1 1 of 12 interviews, people
stated they eat or had eaten desert tortoises on some occasion, which was also reported by Fritts and Scott Jr.
(1 984) . Fritts and Scott Jr. (1 984), in studies at 82 sites in Sonora and Sinaloa, reported that tortoise populations
have been reduced or exterminated in the vicinity of population centers, but that t here has been minimum
influence on populations farther away from roads or populated areas. In the study areas, we recorded four of
the five mammal predators reported by Luckenbach (1982) in California, with the exception of bobcat (Lynx
rufus), which coincides with Burge's (1979) findings. Also similar to Burge (1979), we found no tortoise remains
in bird pellets or predator scat. It was not possible to determine the type of depredation on two tortoise remains
found during the study.
The habitat and elevation at the six sites reported here are similar to those reported by Fritts and Scott
Jr. (1984) for Sonora. H o w ever, they mention that populations above 800 m elevation are moderate in size,
while the current work indicates that the largest number of individuals collected per unit effort was at Rancho
El Rodeo located at 1,000 m elevation. We note that at Rancho El Rodeo, people expressed complete disinterest
in using these animals either as pets or food.
Fritts and Scott Jr. (1984) reported that Sinaloan thornscrub habitat supports the highest density of
tortoises. In this study, the fewest number of tortoises found with the greatest investment of time was in Sinaloan

thornscrub where researchers found three tortoises after 41 biologist hours. However, the largest number of
sign was found at Rancho Larana where Sinaloan thornscrub is the dominant vegetation where tortoises are
found. A g ain, we emphasize that at this site the ranch owners forbid the use of these animals.
Our study results are in accord with Burge (1979) regarding the presence of rodents in tortoise burrows,
but in contrast, we detected no sign of predators in the burrows.
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Reyes-Osorio and Bury (1982) reported a mean carapace length of males of 260 mm, (range 180-370
mm), and a mean carapace length in females of 250 mm (range 180-290 mm). In this study the mean carapace

length for males was 251 mm (range 248-265 mm), whereas for females the mean was 267 mm (222-305 mm).
However, the number of specimens of both sexes is small, and these data need to be corroborated in later studies,
because it is a characteristic of this species that males are larger in size than females (Grant 1936).

The current work is only a preliminary endeavor. Present research needs include more surveys to further
define the distribution in Mexico, population density studies, and life history studies. A dditional needs include
surveys to determine numbers of animals in captivity in th e city o f H e rmosillo, and implementation of an

awareness campaign on the importance of this species and the negative impacts of removing tortoises from their
natural environment for use as food or pets.
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APPENDIX 1
PROJECT: DESERT TORTOISE INFORMATIONAL SURVEY DATA FROM INTERVIEWEES
Name:
Place of Residence:
Years Living There:
Occupation/Employment:

QUESTIONNAIRE
1. Are there tortoises living in the area?
2. Are there more, or fewer tortoises, than in previous years?
3. Are the tortoises easy to find?
4. Are they restricted to certain places? Which ones?
5. How do people use the tortoises?
6. Is there someone in the area who buys tortoises'? For what purposes?
7. Have you eaten tortoises? How? How often?
8. Do you know people who eat tortoises?
9. Have you raised or had tortoises at your home?
10. What do you do w ith the tortoises when you don't want them?
11. What do you feed the tortoises?
12. Have you seen tortoises feeding in the wild?
13. Have you seen tortoises lay eggs or copulate?
14. When do the hatchlings emerge'?
15. When do you stop seeing tortoises?
16. At what time in the year do tortoises re-emerge?
17. Have you seen animals eating or trying to eat tortoises?
18. Have you seen dead tortoises? How did they die? How many were there'?
19. Do you use tortoise eggs for anything?
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RELOCATION OF DESERT TORTOISES INTO THE DESERT TORTOISE NATURAL AREA:
THE FIRST YEAR
Michael Weinstein
Abstract. Seventy-one desert tortoises (Gopherus agassizli') were relocated from a 1 mi' (2.6 km') area
just outside the Desert Tortoise Natural Area (DTNA) to a 1 mi' (2.6 km') fenced study plot within the DTNA.
The study plot was further divided into four subplots. Tw o of the subplots were irrigated to enhance food and
water availability. Half of the relocated tortoises were placed into one of the irrigated subplots, the rest into a
non-irrigated plot. All relocated tortoises and as many resident tortoises as could be found were fitted with radiotelemeters so that they could be refound easily. Once per month each tortoise is revisited, weighed, measured,
and checked for external symptoms of Upper Respiratory Disease Syndrome. Activity and behavior when first
observed is also noted. O nce per month 18 randomly selected tortoises are studied more intensively. These
focal animals are followed for approximately eight hours to record the duration of all activities. Three times per
year up to 6 0 t o r t oises have blood and nasal samples taken to determine basal levels for sick and healthy
tortoises, and to determine the relationship and timing between externally observable symptoms and blood
chemistry. Plant surveys are also performed periodically to determine the effectiveness of the irrigation program.
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